
gi<£»fcic£» gg S^fci^hl f^poT sffu qfgidii 

Journal of Natural & Physical Sciences 


afld ufelcfal qZcT 


JOURNAL COUNCIL 


ufuct 

WREf 


ch+il< 

O 

ajPwRi 

President 

Swatantra Kumar 

Vice Chancellor 

t??t. xir. ftfe 
umi4 

Vice President S. L. Singh 

Principal 

wraiH 

cgrTOlftra 

o 

Secretary 

Mahavir Agrawal 

Registrar 

\jTET f^TF ^TRIT 
f&^ra>rft 

t((i. t^Of. Rl6 
toft jpxnzm 

it. it. f^dlHchk 
odewm TtsFtrar 

it.it. MI6ch 

T(atr WtKcK 

Member 

J. S. Gupta 

Finance Officer 

S. L. Singh 

Chief Editor 

J. P. Vidyaiankar 

Business Manager 

P. P. Pathak 

Managing Editor 


WQRcIi SfOScT 

SRhjT (^Tf&m) 

^to ^to uTtsft ( vjFtJ fefjTRT) 

OT?. it. db)filch (^rrzFT stufst) 
it. ^vHR (tfr-wje* f4*m) 
it. cf>. ■Hl^Sd/t (g-«Rqf^ fa'S'R) 
it. it. m6<*> (^frraft) ww ^rwn?g> 
trto xjoTO 1%? (flfOra) urn q^ r g c i ; 
d/®/ 

itcf it it (nj 4 Rwki ■itsuH faofao, 

XRT. xpr. ftrsjn (^zjRtctt, ?. artW) 

^*Tooft (?RtRfffi Vh+SfTC, ^( 151 ) 
t?*t. it. f^r? (rtitR^n fe.t%., '<*ihisi) 
iclcjit tpf. dcldR (iffc^dHI t&.1%., ^.tJWJ.) 


EDITORIAL BOARD 

Virendra Arora (Mathematics) 
B. D. Joshi (Zoology) 
R. D. Kaushik (Chemistry) 
V. Kumar (Computer Science) 
D. K. Maheshwari (Botany) 
P. P. Pathak (Physics) Managing Editor 
S. L. Singh (Mathematics)Chief Editor 

Foreign Editors 
Yeoi Je Cho, E-mail: yjcho@nongae.gsnu.ac.kr 
S. N. Mishra , E-mail : mishra@getafix.utr.ac.za 
Som Naimpally, E-mail: sudha@accglobal.net 
S. P. Singh, E-mail: spsingh@math.mun.ca 
Devaki N. Talwar, E-mail: talwar@iup.edu 




ORGANIZING COMMITTEE 



Prof. Swatantra Kumar 

Patron & Vice Chancellor 



Prof. B. S. Yadav 

Chairman 



MEMBERS 


Prof. Ved Prakash 

Acharya & Pro VC, GKV 

Prof. R. C. Gupta 

Retd, from BIT., Ranchi 

Prof. G. S. Pandey 

Ujjain 

Prof. Mahavir Agrawal 

Registrar, GKV 

Prof. Ajit 1. Singh 

Univ. of Delhi 

Prof. M. P. Singh 

Dep. of Math. & Stat. 

Dr. Rajkumar Rawat 

Gen, Manager, Gurukula K. Pharmacy 

Prof. S. N. Lai 

B.H.U., Varanasi 

Prof. S. C. Dhamija 

Dean, Faculty of Magt. Studies 

Prof. V. K. Sharma 

Head, Dep. of Math. & Stat 

Dr. V. M. Mallayya 

Trivandrum 

Prof. R. D. Kaushik 

Dep. of Chemistry 

Shri Jai S. Gupta 

Finance Officer, GKV 

Dr. Rajendra Kumar 

Head, Dep. of Physics 

Dr. Karmjeet Bhatia 

Head, Dep. of Comp. Science 

Dr. Prabhakar Pradhan 

Dep. of Math. & Stat. 

Dr. L. P. Purohit 

Dep. of Physics 

Shri D. K. Varshneya 

Principal, S.B.M.I.C., Rishikesh 


Prof. S. L. Singh Prof. Virendra Arora 

Principal Science College Dean, Faculty of Science 

Organazing Secretaries 



CONTENTS 


Messages 


1. From Organising Secretary: S. L. Singh 1 

2. 3%T 3 

3. The Gurukula Kangri Pharmacy : R. K. Rawat 5 

4. Mathematics and Vedic Literature : Virendra Arora 7 

5. Bhaskaracarya : The greatest scholar of Vedic 

prime knowledge : S. L. Singh and Ramesh chand 15 

6. Book Review : V. Madhukar Mallayya 25 


7. Abstracts of Papers/Talks 


29 



nn 



Km % 

Vice-President of India 
MESSAGE 


I am glad to know that the Gurukula Kangri Vishwavidyalaya, 
Haridwar is organising a National Seminar on “History of 
Mathematical Sciences and Applicable Mathematics’* during March 
7-9. 


The Seminar offers welcome opportunity to the experts in the 
field of Mathematical Sciences and other related subjects to discuss 
the increasing relevance of Mathematics for the progress of human 
civilization and to evolve a strategy to face the challenges facing the 
discipline. 


My best wishes for the success of the Seminar. 


New Delhi 
17 th February 2003 




(Bhajron Singh Shekhawat) 




3 fl^Ri rjq 

WR&R 3t. %frfef?n ™ ; * WR 

SMT. BHAVNABEN D. CHIKHALIA ^ m ^ 110001 

MINISTER OF STATE FOR 

^ TOURISM & CULTURE AND PARLIAMENTARY AFFARIS 

GOVERNMENT OF INDIA 
SHASTRIBHAVAN, NEW DELH1110001 


/tttssagc 


Dear Shri Singh, 

Pranam. 

Please refer to your fax dated 20 th February 2003 inviting Smt. Bhavnaben D. 
Chikhalia, Minister of State Tourism & Culture and Parliamentary Affairs, to 
inaugurate a National Seminar on "History ofMathematical Sciences and Applicable 
Mathematics" on 7 March, 2003. As the Parliament is in Session, Hon'ble Minister 
has expressed her inability to accept the invitation. However, she has asked me to 
convey her best wishes for the success of the Seminar. 




With regards, 


Dr. S. L. Singh 
Organising Secretary & 

Principal, Science College 
Gurukula Kangri Vishwavidyalaya 
Hardwar 249404 
Fax 01334-216366 


Yours sincerely, 



(B.U. VflIDYA) 


Private Secretary 


OFFICE ADDRESS: 501-A, 'C' WING, SHASTRI BHAWAN, NEW DELHI -110 001 
PHONE : OFF.: 23386765,23384173 FAX: 011-23385115 E-MAIL: bhavadip@yahoo.com 




3R5WT 

<d\un 

Chairman 
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UNIVERSITY GRANTS COMMISSI' 
BAHADUR SHAH ZAFAR MARG 
NEW DELHI • U0 002 
OFF : (011)23238628 

FAX : (011)23231787 

E-mail n*i\jn42Mholfn«lUi 


D.O. No. 1 -11/2003 (CM) 18* February, 2003 

Dear Professor Kumar 

This has reference to your fetter No. 668-B of February 11, 
2003.1 am very happy to know that your University is organizing a 
National Seminar on History of Mathematical Sciences and 
Applicable Mathematics from March 7-9, 2003. ) send my best 
wishes and greetings to all the participants and wish the seminar 
good luck and grand success. 



With best wishes, 


Yours sincerely, 


+n. 


(Arun Nlgavekar) 


J 


Prof. Swantantra Kumar 
Patron & Vice chancellor 

National Saminar on History of Mathematical Sciences and 
Applicable Mathematics 
Gurukula Kangri Vishwavidyalaya 
Handwar - 249 404. 



(3nf.Tj.xjw, ftcrfs) 

SADA NAND (I.A.S., Retd.) 

Visitor Gurukula Kangri Vishwavidyalaya 
Former Adviser to Governor, Pubjab 




Trf^R-249 404 (wrt) 
GURUKULA KANGRI VISHWAVDYALAYA 
HARDWAR-249404 
118 Sector 16, 
Chandigarh-160015 

nmn/Ref. No. .03-08 VC01.. 
f^lWDafed ....?.8.-.?-2Q03.. 


/Message 


It is a matter of a great pleasure to know that the Vishwavidyalaya is 
organizing a National Seminar on the History of Mathematical Sciences and 
Applicable Mathematics from 7 th to 9 th March. I am sure that the seminar will 
highlight the achievements of ancient mathematicians of Indian and their 
contribution to the modern mathematics in its deliberations. The Vishwavidyalaya 
has been in the forefrontfor research activities in Vedic mathematics, and interaction 
in the seminar will provide a great opportunity to the scholars to interact with each 
other with a view to not only highlight the wisdom of ancient scholars but will also 
throw up new lines for the research in mathematics. 

I wish the organizers and participants a great success in their venture. 



Sada Nand 





SUDARSHAN SHARMA 
CHANCELLOR 
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vnriv/Rif. No. 
fe^iqs/Dated .. 


MZSSJM 


Dear Prof. Swatantra Kumar: 

1 am pleased to know that the Mathematics and Statistics Department is 
organizing a National Seminar which aims at discussing development of Mathematical 
Science and its applicable areas. Since antiquity, Mathematics enjoys top position 
among all Mundane Sciences. Vedic savants are best known for making significant 
fundamental contribution in Mathematics and Astronomy. Modem taste of Science, 
Technology and Civilization has become primarily Mathematical. Our 
Vishwavidyalaya is well known as a centre for the study of interaction Vedic and 
Modem Sciences. So the theme of this Seminar is very much in tune to the Gurukuliya' 
tradition. 

I extend a warm welcome to the peers and young delegates and wish a very 
successful deliberation. 



(Sudarshan Sharma) 
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qqq ?4 qq f4qq ^ cPFF^I l^rf^ncTO 4 'iPld f4mq 4 <iPm 

qq < |« j)q fefcj qp4ojq 7 ni4 2003 4 9 qi4 2003 gq> 3ll4fij|d f4m v3T 11 fuRT RFI 

q414t 3PH gdlcHI qqi4t WSPTSEf uft 4 q?14 <qmq 'tU'W^I 4 WR q4 -HIcbR q>r4 4 feFJ 
<jq» q > cl q4 TJTcRH f^FCT ^ngfct q4 <i4kd TRH f4qi >3q4 f44*lP|qnq 4 'J'piJjcf 4 4ftq> 

4 gq v Hfq q g qq qmf R'i-rR gqf4 qq ti anvil gq g>t jbr t f4 fare 4 aiqqi 3 tRdTd gqi4 
gsn <j4 q4 1f4 4 i q>t qq ftq m i git mi ftng q>q4 4 faq f 4 4?icfap 4 uro ftsnafi an mtq 


g>q4 qq m 4qi #ni 


4f4g> qqrni 4 qfrra qg qgtf^q nro: qgfg qi4 gn4 f i ^4tf4q git 4qif yir 4> 4 
3i«<jdM win fern qgi $ g*n «nq 44 4*3 gra gt g? t f4 qgtfitq git gg q>4 qgi 11 44 
cpj 4t 4qq4 4 fcnj gg gq qiqg 4tgq 4 4t wr t g# 4g f4ai git qnq4 4 qqrf4q qq wi 
1 1 vi4H4q <4 amnq qq q4, qng?gq, qra, q«, im? fen, Ftqr f44q anf4 gq g>gq ftai 11 
gqg 3RiR« 14 ct 44 3r 4 qgtf^q 4 1 1 fqft antfaq 4giff q4 4tq ftqpfi 4 ftqgg q>q4 f^gi 
aiq>, 4m q 4hn qfag 4 qiq 4 ggqqi anm i 4g 4 gqqg mi f4fna4 gq I4 ^*ih %; 
qra 41qi q4 q?ig f« «m q?q qgiq qqf4 4 4gi^ ara 4gg qq qq4 q>q4 f i 4?i ^ mq> qqfciq» 
gd 4 4t 4 qgq qqygq f qv?^ 4g 4 Rann qf&nr f4tn q4 f4q>f^ig f^qi ti 


yq»^<q q>jqj1 R^dRtJMq m 41«4 qi«qrnp snai gqft f4?n 4 qq4 q>q4 fg ?q 
^ 45 f 4 ^ qi*gq 4 4gt q4 a4q gait qq 44 yi 4q>q 44i q4 wni qq qqqqi ^41 qf&raf4qiq 
4 tfn fe qiq ^to qgoijHo f4?, 4to 4t^g ar4^i, 4to 41o4o qiqf, ^to q^qici fth? tjq ^to jmiq>q 


qgig git 4 igg 4 qn^gig 4?n f f4> 4 qi4t f4sp| ?g qigq snq gsi 4 aig^H 4 f4^i 
4 qmi ci4 4 1 area 4 gq 4 Rdi4i g>t, f44qq>q gq^ci 4 f4sn4t <4 f4qn 4 <pi 4 g>qqi 
gif^g fq4 f4si^ g# f4*n 4 f4:qr4? nwftg gq4 g>q q^ th gqg «*4 oh 4 f4f4^i 
figqfiwqqt g«n 4tg 44 4 4t f4in^ ?g qqqqgg g^i 4 aro4t qiqq snq 4t 3n?J4 4giq 
gf4gR 4t gqqj mR g>44, gq qi4t qq inf4g> qgpra g>q4 qi»4cR 4t ^4 qnpcrai <4 q?fci 


gqqqi q?qgi fi 


r>^f7^uyyv\ 

*cjci ?f <^TR 
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^rmq/Tele. : 01334-216238 (R) 4qq/Fax : 01334-216366 




JlRld dlvjilPl 

3cf McHTSI: TTRcft 



M-nFldl ^R'XIcHHI dT tddldft WTg ebodNIW TTRg^C^r^ 

iwjsraf yeh i R i di ^d^? dm ft Pma^ i 

dd I ddT ftfo l MI fedldf qRvjtlft 

f^oftcW-rl d£R dRld fddT sflvjiMlFi ^Frf^cTI ^ dT 

BJFTOft TxRT dT dfad Jllfacbll cJuWioill drf^Rd "S^d 

drtfd: d*ftd dmft g«dddPdi ^ dfad Rdf rata dfta 


^rai 


JIVIMI cdT dON%‘ gcH-H^I 9 Wcf[ ?, ?3, 9 
dVIHI RT dwrfrt SdTd% Rtadf cdT 
fstftRfrf Faidti d5To 33 , qe, dw - q wg> 3 / 19/1 
^rt <3rt w ini <H9 w^r 3A$,$A,i3,qq 
^RoqrarEra? ?i®4 rata: drat yfayd^ fijT?ngd rataifta chfoxRj. dddrar 

dTxRBT: d®3T: dtarf cbfaxlxxj Rdd d*5HT did chi 7T®4T Rdlcfddfi d«W 
■?R55rr d*fEdft- 

T^T d 3 fad9d 3 fadSd 3f TOdd 3 M*dd 3f d<dd 3 ddd 3 TO 3 ddd 

McJiRfSl d 3 1?dir?9I€J 3 ra>491 d 3 ddldd d ^ M»d49l xT ^ MSxRTCI 

iRrJch? 9c;, 99$ 

dddrai dldchl: ?T®4T 3lfa yi^ -ddT-ddd9d ^5^ d d ^ 3RT5T xl 

1R9T xj 3 ta^ST d 3 tadST xT 3 HfelfrtTxJ ^ Retard xRjf^SI^RxI ^ 

d>dd: drar yRjiuwdidft tatacRta ddT 

dRdl 3llRcd9ddsS xJdRT: TOxtaW^: W: 

dFrta tadt dd^ Wift ?51d Idf ^5Td5t Rj}cRc|l ?T4dtll 

tt. % 

■gj-d ta*ta ra ta?ta dRwRd dRi dr d3d ddta ^nrata: -^m 

# 3 ^ «r?»n djgo #o, qw 

3TfH? w^i Wdj; qo, q^ f ?, 

TSJRI d?di ^, ^q, (9 

dRT IdlR f^drl^ ^WrRn 3RI^ 90, ?, ^ 

Rdife -ijoi^ ^argi 

: afgvR 

«fl\d <iRid «icn(rlt»)| ^Rd<R ddFEtaj ZRJTR ^Jdl ^TRT^ <aed 


OTxjrf d^^dqR t gxl , ^g?r chNIJjl f^SdftaidilW 



»UdR$Pl: ^jjRf*^ Tf^ 'Wt»cl ^fR: I ^5 "SST^tJ TJd filfH: VdVll 

wiRIci (5«i<i <cjcj ?ra 
«Wddl wzr^ 
drat ^ra ^du i tOid i d 
dteit ‘srafrti d*r dfcdftr 
WTOlfpraJT di 
dT ^dHl( 0 ld MchlltTlchl l 
^raT-cfircftd, w yf^-Hi f^RR^ 

3TTjd dfiltt: W 3TRft^l 

f^RRfcj d d f&*p4 
d^ 3 dT 3dd*T5»rafa5%ll -?*g> c ,0 , q^o, 3 

&faF{ d^ W, ^frRT, PteM-H, *5^, d d, ddlfa ^dW(0|d ^5T 

oiiew^ui v^faPrU x?ar^ ^tT fi^nt xra^ dra : 

wd^-dsn 

dejfifr: dldJ ddfcf xX dldlf»t: I 
Tm d frf oORMf^Telll 
xjg^r d*J xra> gpefid dTtzrtd To: 

3l®qi dPd-ddT- 

^R9I yMd»dd>Acb ■sftfar d> -3 dRdcAdl 
dfid'-i drar f^aidi d Ararat 
3lfSdT rldrdcfW:ll 

99$, 9(9 919c; 

f^dT dv&dfiR* f%d^t ddlfel T(% ^ f^FeFST ^JedT dcdvjild «lfcdchf£ldl 

ftjdWFgi g<5*dld f^ddt JJJbt^H cbl'dit f^5gf^dTd^ Jlftld f^ddt <m£W 
R^l5R tftdf df^$£ ddldtvjlefcddtvrtktl XfeR^ ^ T*d.qH. f*% ^t. 

3R^I dto 3tOcfto TTdf ¥t. dlftdlcT, "3T0 WH dddlW: df M^dldlgl: df=rTI 
w^oiwi dnff%a& dtra chid"^ 1 
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^<?cnci cbld^l fcfoqfctaioiq 
Gurukula Kangri Vishwavidyalaya 

TJ^PT afiRnft, T5^gR-249404 

P.0. Gurukula Kangri, Hardwar-249404 


fafusy 

^pScfjpT IdSdfciaiPld giT'RF % f%> Jlf^ld f?h*PT 1RT OT^tfaTcT 

*iter tf tsT ^ ^Nsr ftsnr; ^t^srt tftuTT*ttn?3>dRr^«ft ^t arafe tr 
*t$rt ^ prau ^c<5 tfo tjwjtjpto frfs, ^iranJ 1t*TRT dgtftaicro wai 4to 
3Rt5T, ’ dcHMIB lgr ^ tST ^ d z fr^ , "JTR^T QglHf dt FT 3«4ivjH t ftt-H^ T d f^RT % 
atr 4 f^si^ "Jaref dM^WcT ti 

JiPin dt 3T^di fiinrcrf gn ?JpT g>F \xiidi tl ddK grr gtf euf^d JifOid faRn 4 
ar^dTdtfti f^TFT, a»u^e<, srfiwiPddO, y^tiiRldO, gj fi n ?q , 3 i *fcHR3 3nftg>T#qg 
wn 11 d'«jyf 4 ?tr git 4i(0id faRiT gft Itrgrr gr^ w<4tei anriraf ^ # ^pg gt •ntqun 
gft sftl sriiiRkd cldl’d g> 3PT"¥^T t FT f^UT oRT fcRdk TUT tfcTT TF tl If "SlltT ^ 
Tjyf wpidi g>t ?rtpt gnddi gs?^ ^ rrat Itsta 4 4to t^towo gft^gfrt 

felRc*> «*dH Vlchd ch<rl ipj QR^SIRg F chl9 ftxTR 4g$ddfedl 4» OTWT RT Vltpjd «t>< 

■VTaFT ftdfui Chpii 4j*d4 ^ gjST ^OT filjlH xjd giplT t, fcldcbl dvR UldR^eRT 

Tjaf ^di^dd sradJ ^ dTGR 4 'dragreif gt zggg i?g gn*RT grFiT ti 
'WWiyi l TjgtIR ^ Tdfift m #314 ^SIFRq gt FT TORT dftwfad feRT tl 




9 T%^r 

^cnH^HT ^f cll^trj 


n w ittei xj [^iidiPcj^i 

^ ^f4d t ^ f^ ^f d 4 “TOdl" tl ^Idrdll^dV 

^ ■Rp^ 'End d%ddl ^ ddd ^ d^pf "t ^HK’di ^ '5RR ftdivdd drwdi ^f dlt tl ■*f««l<f 
TTg 3FH tto -?raf d %ft %GR Mur % *|t H? TOar ftc# t, ^WT-^Rg, 

dlfdl^f^, 314, 3Pfa>, 1RT, 1^4, 3ta»:, 3nftl d’+dljd 4 ®4si> TRI t 

Tjrri^) wr PRfr n, ddT Pidi'jiH > d6id<h ari WI^ g fl ftrpR at ysa arrant 

tl dd4 4 ^oir t- «fa4 dpJtFff dftdl, thipIdiNR, d4dftdl, dR^ dftdl, W RSR 
di^aiifd, diddK, mRRiorq^m, raay«4i ywsi anfti 

FT IFsif t mis it% dfkdl TjqrtrW, <d^<H W^, d^T ft*IR, «lig 

f^jnd, »rad aF?n, «49 tr^ w (^7d^R ti (505 to) ^ 

TR^iT 4 'd>FT vjTIcTT t f?fr 4 dXrtd ^ Rdicl T^JT yf^TT ^ *pft 3$llPleb 



$ to % TOfar 3 faWRT T*to $T? to» to 3IURR 3 

tngfcT 3TRT^ £l ^RoT to 3RfRR 3RTF to tor f I (l) totortof (2 ) ^fRW* 

(3) toro-tofor’iRn (4) 4 R*ii<mi (5)tosRRR ( 6 )^[toton arrow *ir* Tps> 
toR tor t Itoto «rh Mm, wnjfitto, amjto, tft toR arto *r fton to ^raf 
to ■*¥# ti n*rar ^ amiror 53 3 r waw Mw to ^e? 3 Ttzrtt nscato Hi^arf wt totst 

Slcil %| tofch ?W ytfiR % — 

(1) *raw Mm to forqr *jf3* gn ^rr- Itoto to wr to W3R to f^rcf xrr to 
fasta wswr ti wro ^ wjsr ^ cntof m toR tor t to fto ^rnito Mm to 
WEnto to W*t>£ % fijWtii 3T^1R Vjfit tofac*, 4jnPfcR W WtJ* ^3R mto toto toto? I toto 
to toUd?ft wto toto toto? tor ?nmww<t> tototof w^rtotolf to wto to toto?i 

'si’tomfto^’Rrar wsjtt ^wi 

tow, wm w -gto xt wto RrrmR;ii (sj. to, as) 

Mto to % ^per, ottr toto, to* cmto to t, toto=w to to toto to Ito? 
wwnRrar toto %i fto^ arraroraf? wf % Ito ws QRth v9>r tot Mito to , stot toto 
^nfto?- ^tor, wr, Tgs to* tori o)to ^sr torer t an*w WRjfe:- 

dxl^M %rafrT ?pto TRW rT wR^ wto *wtol ^[.W. 64 

wto *wr sjw t wrto ww wwwr aFjww wtoi totor to www wwrto to Ion? wto %jfto 
wmjww % wit Ito ^■HdH dMuiK* all? cbl*TH f^RT^ f^r wr i^rr ^rtir ^ «mri 
rt ^rrmi 

(2) I^FR ^RF>R ^ toRT cBT% gr^ TRif g>t " 3 ^ 1 ?"% 7 TRT ^TT aqfeto ^ 
to rTsji ylto , t?r anft toFR to>r ^ nwRaiy ^ to ^ mw ^?r 
ton t- 

vffwn^rwrRto g4dsid 

a r se r cgfa F^g ^m«»P > teton 54 

7J5TT ^51 1c nrjf ^ ^ Trgr MChK W '?RT % viH-A <1<a^ vJTI*1 xJlsiJ 

^ alt? 3Rlf 50, 46, 42, 54 ^ftcTT affr 3 8 #2T< 15^ ^1 H*S($ iftelf ^ 

xrgr ^snf artor 'to' ti 

to w toqfrT, <|q<M wto affr ^ aafttoto ^ to mrr w to*i 5 
^ 9 3 to^ftorarti to an^grsTrnnrtto^r, jdto 
20, la ’to alft 16 ’to, 'dterf 3 1/6 ^t ton artor to 

nrnr ^ aj^^w ^nnwR: %idH <*Tl cRto ^R 4l«t| wx ^ wjbr ^141 «w(^^ 1 <n«*« 

b*t to to tosaR w ^st hr 'tor %i tor H*ai|, tosif ^ nt tot yifti?i 

rh tolR: R Tjn tom: fW:l 

mrtog torRitogto-^to^ii 1-^.n 
Rsjaif ^ to ■sreaniR to to ’igraiRn to tocr a»to to to to# tor mm to ’ft 
to %i nRw ^ bimiI^> ns angrnn fton ftor»i nRg snto to ar^RR Tito ’to wto 

to ?nto 50 tocR ^ arftoj to! toto «nft?i 



WcU^iWPd Sfll+dchKI TO WId l ffilfrf W: I 3[.g. 16 

g?TF ^ ^TUd ggf gtgn^ ftgg $f <*ft f^RdT tl 

f^IR^te8li5Ts gWJ#Rlt «^^e^rw: I 
B W I IWIhIhI *jgt ggfdHig il 22 

wj gg g>t gfsnf i/i6 gif 1%gn rJteTf ^ g*r gtft grfo?i gg*t gw ^ ggf gft 
■3TEnf gg 3 1/12 gif gig gR ?Ht giHi?i 

gro ^ 3ig«R w gft ^gi^ ^gft fsf gft ^rat gpRlf g>t ^teif ^ i/ i6 «im 

ifrft ■giftqfi '<^fBi'H gasijft it w¥ w gitf gfaggi gtff «ni 
gqrar^ gteswpt: gfgf ^frt ggfo firfrT:i 
wtaeehityiMi gmaggRT g g ton sil ^.g. 23 

g'Cdiviff, wgf gift gitgig Mt g?T 4t ti ( 24 - 36 ) 

ggn aragi *i4t 3?fc Rb4l fitairi gg w fiiHieii grit 31 ft wiggr ?tgr % 3?tr gg ggngt 
*t^ % 'g^gtgg' g >gH i cn ti 


^rf^sjsrcpj^rgf gg4 ■g^rggf^fd^n ^.g. 39 

gg? ■% fagig gsngf grr grgggg dfcfagitcgt grsff git f&rRt ^ gmirc g* fifcgr ti 
#g g»gff <£ w git forcrif ggft vmtes g$f t git ^ toggm * grsr ggr h sift gggr 
^gstg’ 4 ^jdf ydit^ g$f ?taT %i gfgrg ggite ^ Tf%g w git gv# 3 ?tt gf$gg ing it 
*f%g w git m*gtHi g^ f 1 

gt gw ggjnsst w tgigg g>gg gt?ggt ott gtarot vanes wt e, itngra g> gig 
3 giRT gngi ti fag4 vftgtft gg^t ygist^ f, ggqgf; f^ra^f ggd stfc *jdf 
vaitc® *t^ t, gu^; f^g^f ^ 3?te gflinft ggite ^ t, gg; f^rg^r ^dt alk gftg»tt 
yait^a ^ t, Jjycjwfl 31 k frregt gflmft gffe gg^t v&t*s ¥t^ f 'gng'gy^fi 
51-69 ggt gifej^g xjg gg«^ ggat^ft '^ggiait grr g^fg %i gg? ^%7gtf g«si< 
m 3iif^ git f^w»t g>T «ft g^fg fegr ti 

Qsii-uf ^gpf gugg gif^ <*i4gu^«iMii 
Aalrai grc^Rgvgd s^t iFgif^ giggng .11 ^f.g. ns 

4 ggir ^gg ggr g4 4, ^gtfuR g4 4, wgrc w gflnn gf$gg 4 ^tr 
gi^gmre gg apgpiR gw gftgg 4 ^tgr rnf^tji 

gg?g> 3i^jgu - f4stg yg»R ^ ^8i w ^ gRt site ggig gn% 1 w ^ wit 
3ltT cni^^K ^{1 wR(, ^tft-^81 3Jg? 3?tf y>H4K 6^ ^81 ft) 31PT 31ll^ 
gmi^ ■grftgi iggg g>Rg g? t % fi^ ^fegr ^t ggreft ti g4tg gr^ eNf git gg 

# ggjgr ti 4 ^a? gggt git ^Tf% «ft gftjT gg^ t’l 

ggs ^ M<ig»? f^gr % fe> gf% gqdgg |8iw^ snggra t # waisgr g^f 
gifeg «Ptg ^e? "ggr g gggfrft ^gr gg^ gtg 4 ^tftg gg 4% rnftgi ^ ara^ ^84 4 
(#g), gggr, 3witg> «rf^ ti 



e[$T %TTOT tp>t TOt Tft «U<Slrl tt % TTTO tt WTOI viftTR TOt TTOOT ^ gCt 

TOfA t TW^Wl WFt TO<^ tl T^TT felrji* 3TT5T %t TOfiTOW Ttft ffe Tt 3tcTOT tl 

tort t Itr pri ^wtaft it? Trfcra sll? wjf&d farojcr wffi 3rt ifor «r 
T mrorit % to w^tjt t£ vjftan git wi 3 ?m*h tot wro3 tl to -d?n it Pitoc iNr 

€||^| f^TTT^ 31^TO 3T«I t- TOTOlf TOT %T, TOW1H %jflt, TO ^T TTfo: TIT TJPT TOT 

f8Ti frit xttott to ^ wrf sifc wroftro (TaWt) site tr^t ^ itro wft<? totT% ^ 
Pteri r taf ^ Tsftror p» far? ttort ter ttto^ tl 

<H^d Tt toitui t uftfth Ptoth twh Tj>t g«*TOi slR T rf^Tfi TTrofrr v<th tot^ tl 
tow ^ arytR- ffiwgK qcugr »> q ^ f il le r aite to arer Treft grcf ^ awro iter 

•qif^tr i q<<flgK fe##Tf^gre^31cRltaT tnftq TTWfe>Tft%ft3 R l g T T Tfr Pfr foy n ?g 
g^ronr t Tsjter TOff itro wffctji in ur ■qfibr TOgat ^rt tost, Tint tot gr^sr anft Tt 

MR'jof lt»TT Wfa? I ?TT VTOIT Tt TO*T *j<.oq UR Tt TOt %ft wfiPT 3TTO 3TRTT % '91 TO&3I TOTT) 
TR*T TRFrai 3TSJW* TOTTO tl 

TO ^ ST^TTR 1 JTT TO ftf^RT TOilT eft TTjgf, TJTO OTcft (awSf'tT) grrfwR 
■\5T5rnt^pf efioraft' Tt 'aftWTOTR l^n rllftvj I TO -git fert^FST l^f Tt ^iPUTf TTERT rjrfttjl 

to grt ^a> Traf ^ to ^ ^rrarr tort yi(%q i 

*jf^yw|fiR>T TTcTtrof dtfl^uf f^iUI5T)q , ?f)f%l'd'*i > l 

«jqrmr va f pE^firtiT^ iT ^iumR^d (^f. 25 ) 

vJM^ehi cftRcfi ^T T^TOT W T^t gsftf^R % 3jf^g TTO TO Tl% ^Toff ^f5t 
WTORT ^tT fe«R $ # <Ts4iJ| TBT^ tl 3TT5T «ft 3<ldRcb TOFOT TRST Rpfrn crft Tjg> 
1 9rgTcT 51Rdl %| 

^ toif ^ wrsff oqrronR^ ^ ^fcT ■a^riWt t, ftatror:'^if^raf ^ 

Rn? T^ti 

ITT TOTO TOW «ran 1^*frrr g>TO ^ ftf^RT TOTf ^ wc Til TOII^ t ftf» 

WTO % 1500 TOt ftR 1 TOTO TTRlf^Rg *»T<$Rt<!K TOlf^ «ft? TOTOTT TOT TJTOT 
TOT TJW TOTT^t TSH-TT1H ITT TT«T HWTOTTI tl 

TOW 31*1# TTOC, TOTOff T?9 3TRR1WTO WTO tl# % *TTOT t^ftoT fil5TR Tt i^RT 
TOg^t TOT cl#T TOT% -% WTOT fl?l 

WR P>*fri l^ «U3 Titt 9TO K ^TfcpJTTOt Tft *WTq Rvi l TR IITWTOPri? 3HF5T 

*ft t TOTET TOT TOlf # TOCR ^T TO#TOW 3RTg?R WTT TOT^ tl TO^TT: »TTOT 

l^frlT TOT 3«TOR *TRTOSto TJ1 tTWlRTO iWf tl 
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This is a matter of great pleasure that the National Seminar on History of 
Mathematical Sciences and Applicable Mathematics is being organized by the 
Department of Mathematics and Statistics, Gurukula Kangri University. Hardwar 
form 7"‘ to 9"’ March, 2003. There should be a good interaction and exchange of 
ideas between mathematicians and traditional scholars not only to extend the frontiers 
of mathematics but also to discover ways and means of harnessing the forces of 
knowledge for the service of human race and for betterment of quality of human 
life. 


I extend my best wishes for the success of the Seminar. 


Madan Kaushik 
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FROM ORGANIZING SECRETARY - S. L. Singh 

This is an overwhelming occasion that we are organising a National Semi¬ 
nar on History of Mathematical Sciences and Applicable Mathematics. We 
could get only 28 days to organize this Seminar. First I contacted Professor 
G. S. Panday of Ujjian and Professor B. S. Yadav of Dehli, and they very 
kindly not only agreed to deliver lectures but also extended their full 
cooperation for organizing this Seminar at a very short notice. Our Vice- 
Chancellor Professor Swatantra Kumar has shown special interest and 
enthusiasm in this Seminar. Indeed, we are able to organize this seminar 
because of his dynamic leadership and valuable co-operation from the 
administration, viz. Professor Ved Prakash, Pro-VC, Professor Mahavir 
Agrawal, Registrar and Shri Jai Singh Gupta, Finance Officer. 

On behalf of the organizing committee and my own behalf, I extend a 
very warm welcome to our Chief guest, distinguished guests, & scholars, 
delegates, friends, colleagues, brothers and sisters. 

We organized national level symposia on Mathematics and Vedic 
Mathematics in 1989 & 1995; the 64th Indian Mathematical Society 
Conference and Symposia on Fixed Point Theory & Vedic Mathematics were 
also organized in 1998. This was followed by an International Conferences 
on History of Mathematics in 1999 which was organized under the 
chairmanship of Professor B.S. Yadav. All these events were very well 
received by scholars and Mathematicians. Perhaps, this is the last seminar 
that I am organizing with very active cooperation of my colleagues, with the 
risk of missing many names; I must mention Virendra Arora, V. K. Sharma, 
M. P. Singh, Prabhakar Pradhan, D. D. Sharma, R. D. Kaushik, Rajendra 
Kumar Agrawal, P. P. Pathak, L. P. Purohit, S. C. Dhamija, R. D. Singh, 
Shri Krishna and Karmjeet Bhatia. Once again, I take the risk of missing a 
few more names of my students and non teaching staff and mention the untiring 
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FROM ORGANIZING SECRETARY - S. L. SINGH 


work of Ajendra Kumar, Anurag Naithani, Ashish Kumar, Hansraj Joshi, 
Yashpal Rana, M.G. Upadhyaya and Prakash Tiwari. 

I take this opportunity to extend my indebtedeness and sincere thanks to 
Dr. Raj Kumar Rawat (G. K. Pharmacy), Mr. K. L. Kashyap (Mandi Govind 
Garh Charitable Trust Dharmshala, Hardwar), Mr. Raj Kumar Mahajan 
(Mahajan Bhawan) and Mr. T. P. Kumaria (GKV's consultant architect), Mr. 
Rajendra Tiwari (basically Mathematician and Asst. Transport Commissioner, 
Uttaranchal Pradesh), his colleague Mr. M. M. Jaiswal, and Mr. Chandra Kiran 
Saini. However, cooperation alone can not bring happiness unless there is a 
good support involving finances. I take this opportunity to express 
indebtedeness to His Holiness Swami Chidanandji (Chief President, Parmath 
Niketan, Rishikesh), Rajrani Trust (Jalandhar), Shri Madan Kaushik (M.L.A., 
Hardwar), Shri M. C. Garg (Periodica India, Faridabad), M/s Oriental 
Assurance Co. (Hardwar), Trustees of Mandi Govind Garh Charitable Trust 
Dharmashala, Hardwar, General Manager, Gurukula Kangri Pharmacy, 
Hardwar and Furniture House (Hardwar). 

Finally, I extend a very warm welcome to all friends and delegates, and 
hope that their active participation alone can bring a great success to the 
Seminar. 



Harbanshlal Sharma 

(02.02.1920-02.12.2002) 
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414?T 3T&5T 

^RTgcl f4?*lf40TeT*l 4> ijef tgcHlfifofo, 3TT4 1*141414 PHT HoTR 4» 

3RR 4o g-'riVMId 41 g>T \5T^T 2 1920 4 oTTcRR vi RH<1 4> *ng<lft <PcTT 

TTR 4 tR> 4Hlfol<b WT^rtTF qRilK 4 §3TT SJT| 3TFfo> focTT 41 *p4cR? ?r 1 3ffo HTcTT 
4fonft ciTcr^ ^ 41 «nf*fa> f^riRf *4 4 i ?p441 3 tb4 £1 ho cp4*m oft 
31^4 HT^cf} 4> 3TT*f Witt 4 of? *t 4 4 I *f41 3TRf WTRI f^lRSIRT 4 
44 TH *l4 fo> 3n4 'tiHld ^ <«I«h 4 l4 h 4 I Hld!-focTT cpl JRI*l HTofcP px<molld 
m H§?I HFH I tfoM gH fo4 *4 ^4 ^fo4 3TT4 Wim cisn FT^-fogRt c|ft 4*IT 
<PT *Pl*f HIcHTHTSH 4 ]ft HRR cp^ fo*IT I 

<§I5 cfo *p441 4 4favft 4> HSRR 3^4 4 10 *fo ?PP 4*11 *lft afr* 

for* 4fofft cpt fadidoft 4*P* *1 refold Rcfol <PI *PT*f HRR *F? 14*111 gwfcirfl, 
hRsr, cFR ifo ^?cr fo^cim anf4 gfoi 4 arra*Pi vratH trt 4tg41 srnfri 
*p**tt ^bii snfaeft 4ta*ft *M<PHi'fl 4) h§ct snf4*P fow*i f i 

2 fo*TR* 2002 *Pt 3PT41 41cR HRT gfo <P? 4fecl oft 3FRT 4 fo#H fo 
*r4 I WPI *4 HTRT9TTB cfo ^ 4 offo cf>^ RRlfoRP, SJlf4*P t?4 4«Tfol<P 4*3 Jt 4 
3RTSJ *PT4 ePft, an4 oiMd 4 41 TJ«P 3PJ?*I lft*7 *4 14*111 

4 fo%?T B7HSI cTTcT ?mf 41 4 *R 1965 4 dftRlcI f, «R 44 J J*<Pd 4 

*PT*f hrr foj*rr sn i wi$ f4^pe an4 *rt 41 #hf*j hrt §3n i 4f%*r v4t 
TJcp 3TT4 *FTTvfo, «lf4*P ifo <{*INM ^iforl 41 4 **4*1 7B4 41 4f^ 

oft cp4cj, hkNh qyrau i f4wrpr g szifon 41 ysr^ci *4 nf4 fo4n Qh 
sjti 4 *j*><j>d *4 for4 Hcftcp pr <ift 4*n *4 fci4 *b4 4i 

4hn 4 41 c£tot 4 hbi, ctr affo hh *fo f4?*j cpyuftq «p4 wri t i hst 4 
4*RTaft cjft gfor fo*ft ft i f4*ra *fr q* *r4 aifo otr wtr fo4 4 i ^r 4 
Hifomra 4» 41*r cjft ?en focft t ?rsn ?r 4 *qf4?r 4*141, h4w 4 affo 4*n hi41 

wniwa, tjn tftri l Pfttl ?wra, »j<^a #rfi fawfawraq, fftsmr 
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<«h4)v - Mfea cficf ?r*rf 


Ft 'jttctt % i scrffta ftt 3fft ft ftt^ft ft hq, <?pt sfr* aa ftt gaw ^fopr 
aclT^^tl ftfea F^m ctTct ?lft ftt ft #ft yt fojHH ftt ^ «lftt ftft a>I ft?T 
Hl"3l 3 jPHm *1^1 an | fftctl ±J$1 ftte <4H <bxHI vj*i«i> ^ aif^ 3PI 4^ 4 lft 

at I 3TRf TPTToI ftt fftflPa TRajiaft ftt ^t 4 ft lelft cf? trotyl Tlftl 'Hl(r^4> 
ft STCH apft at I aaft l^r 3 a>ftt JlRtiJH ftt ’tRRT ft^T aftf §#l Wift fft^hTR 
■tm ft gu*T-cpFf fftxji Fwfenj aaft ara ftt ^nf^PP <pft vppn ^nf^yi aiqft ftta^ 
ft ?ftt *na ft Hofcp sjfftr ftt waar ftti 

^B^cf <t»FT# fft?ftft?JRTO 3#P? wftt WgHT^ vjaft SITaft ^ #| >jaftt 
TTPT-TRlfeT cft foHJ ftfec! oft ^cj cTBR ft I a? fftftftp, fftftfa cf2JT OTBt-f^IRT 

ft ^pf siffta ft aftt ft i a? ai555Ri fftroar eft ^rra aroftt ara a>F ftft at vr ^rpt 
^ fefttq aftft ftta f^diw-ft ftar an i ft%a oft ft ?rfta aft crit fttlft ftt ara aftt aar 
Tfcct ^ra ft oft cpfrj n^t fftan aft sra^a fttfft ft ^amftt *nft afti 

afecT oft ft 3Tiaft tja aiaieftcp ft vj*ift 5RT iiriiifftd "TToRlftt sJ'W, 
oflchR'' ft cRftTH ftftfaR ft OTftoH ftg 3PRT *RTF=fta Wft^T 5RFT fftail 
IfeRat 3TTftoR ^fftfft aiPTR ^Pfft 11 
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THE GURUKULA KANGRI PHARMACY 

R. K. Rawat* 

The Gurukula Kangri Pharmacy is preparing ayurvedic 
medicines of best quality from last one century. Our products 
created their own place in the hearts of public due to best standard 
in quality and high ideality in preparation as mentioned in old 
Ayurvedic books. Now a days, we are one of the largest producer 
of ayurvedic drugs in India. 

We are preparing almost 400 products. We are also 
developing new products related to various diseases. The potency of our medicines is 
far better and it is continuously increasing by modem techniques. The main branches 
of medicines, which we are preparing are Powders, Bhasm, Ras & Vati, Pak-Avaleh, 
Asava-Arishta, medicated oils and Ghritas. 

Many new products are under consideration for preparation and testing. From 
the above mentioned products, the important products, which have leading sale are 
Bhimseni Surma, Chyavanprash, Payokil, Shilajeet, Madhumeh Nashini Gutika, Gurukul 
Chai & Gold preparations like Vrihat Vat Chintamani, Basant Kusumakar Ras & 
Yogendra Ras. 

Since the unit is situated in the foothills of Himalaya, we are much capable to 
arrange fresh medicinal plants in comparison to other ayurvedic drugs producing units. 
The identification of purchased medicinal plants (crude drugs) is done by the expert 
ayurvedic doctors and chemists. After their approval, plants or medicinal material are 
used for preparation. This factor maintains the quality of products in one way. 

The other way to improve quality is the methods of preparation of drugs. We 
are somewhat different with other ayurvedic drugs producing units because we are 
not compromising with the old methods of preparation of drugs given in standard 
books of Ayurveda. For this purpose, the strict supervision is done by the Aurvedic 
doctors. 

The washing of erode material, crushing and grinding of materials or products is 



♦General Manager, Gurukula Kangri Pharmacy, Hardwar. 
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THE GURUKULA KANGRI PHARMACY 


done by the help of machines to make work faster and for other preparative methods, 
we are strict to traditional Ayurvedic standards. 

Our products, specially Asavs and Arishtas are prepared in four to six 'months 
by self generating alcohol. So their potency against diseases has been recorded very 
high. Indeed, from all points, we proudly can say that due to high quality, our products 
are highly potent. 

The packaging of medicines is done in different sizes of sealed packs. The 
packaging label has been printed by the weight of medicine, cost, year and batch 
number. Before purchasing medicine, it should be ensured that whether the seal is 
properly intact or not. 

The drugs are sold through various agencies all over India. 

The profit earned by the pharmacy is used for charity. The profit is donated for 
the education of students at Gurukula Kangri Vidyalaya (boys), Haridwar and Kanya 
Gurukula (girls), Dehradun. 
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MATHEMATICS AND VEDIC LITERATURE 

VIRENDRA ARORA 

This paper intends to present a bird veiw of mathematical incidences in Vedic and 
post-Vedic literature; refer to Astrotree (see the inside cover). 

It is a well established fact that Geometry of Aryans is predominated by arithmetic. 
Actually 'Hindus' algebraised geometry and the geometry of Indians have been developed 
out of necessity for the construction of Various agnicitus, vedis, mandaps etc. which are 
required for sacrificial ritual. 

Present discussions are confined only to some of incidences of geometrical 
aspects related to Vedas and Brahamanas. 

The greatness of scientific discoveries made by ancient Indian seers is being 
progressively realized and admired by the modem scientific world. One of the scientific 
luminaries who has brought credit to this country for his outstanding discoveries and 
achievements in astronomy is the great Aryabhata; generally known as the father of ancient 
Indian Mathematics. One of the great discoveries of this Indian astronomer of the 5 lh 
Century A.D. is that the stars are fixed and it is the earth which moves creating the 
phenomenon ofthe daily rising and setting of the Sun and the other planets and constellations 
by its motion on its axis as well as around the Sun. 

WWvK: yrOlfca 

HHicwfrl vw ^mwnP(ii (Arya Siddhanta) 

According to social reformer SvamI Dayanand Sarasvati: All science and technology 
that is or will ever be is contained in the seed form in the Vedas. 

The term Veda' literally means Knowledge, All-Knowledge, 'Gnosis'. It is all reasoning 
and analysis. fa? (Veda Vid) means one who knows and acts up to the Vedas. It 
ultimately makes the man up righteous and such a man is ever beneficial to the people of 
the world at large. 

Vedas are the words of God, revealed in the beginning of creation for the moral, 
spiritual and physical guidance and uplifts ofhumanity. They are replete with eternal truths 
and throw a light on various aspects of life to make a man perfect and ideal. 


Department of Mathematics and Statistics, Ciurukula Kangri University, Hardwar-249404 
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MATHEMATICS IN VEDIC LITERATURE 


God, out of his infinite source of knowledge reveals in the beginning of creation a 
part of it adequate for the requirements of the soul, its spiritual satisfactions, fulfilment of its 
thirst for truth and making its journey of life successful. 

God is infinite, the soul is finite, therefore soul can not contain die infinite knowledge 
of God. God creates, sustains and dissolves the world. 

Whenever the world is created God reveals the Vedas. This process is going on 
since eternity and will go on for ever. 

There are 20380 verses in all the four Vedas namely Rg, Yajura, Sama and Atharva 
as follows: 

RgVeda 10522 

Yajura Veda 2006 

Sam Veda 1875 

Atharva Veda 5977 

For correct interpretation of the Vedas, the words should be taken in their analytical 
sense, i.e., root-meaning should be taken into account of Vedic words. The Veda only the 
(the real text of the Vedas) as revealed by God in the beginning of Creation on Agni, 
Vayu, Aditya and Aiigiras, the four Rshis competent to receive God's Revelation. 

Mathematics is the base of science. It is in the root of creation of the universe. There 
exists a motion in every particle of the universe which is related to mathematics; Times of 
sunrise, sunset, eclipses etc. are decided on the basis of calculations. 

Also Mathematics has the highest place in Vedang-astrology. 

w iFgwr hijihi 33 df w/ 

3^ #973 917*37377 ‘iftlrl 3 >•-[/•) f&rP[ll 

#973 'r £ i)/#°f (373pT )4 

For accurate calculation of times of certain festivals and of times auspicious for acts 
of worship, good knowledge of arithmetic, plane, spherical trigonometry and geometry is 
required. 

In Vedic religions, for purpose of worship, different types of altars are required. 
These altars have definite shape and area. They can be in the shape of square, triangle, 
semicircular according to worships for different purposes. 

These acts of worships are found in the remotest towns. Several references are 
available in Rg Veda Samhita. The science of the contributions of altars take a mane specific 
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MATHEMATICS IN VEDIC LITERATURE 


form in the Taitrireeya Samhita and Taitrireeya Brahamana. It may be appropriate to 
mention that there was provision of these altars in the hermitage of sage Agasthya, and in 
Rama's own hermitages both at Chitrakoot and Panchavati. 

For accurate construction of these altars, the unit of length used was Vyam of tyayam 
(vm) which was about 96 inches. Possibly this was the average height ofthe average man 
in those days, that is why Purus ha (gw) was also used for this unit of length. The area of 
the altars used to be exactly one square y yam. 

According to Hindu tractions of the hereditary handing down of instructions from 
father to son, and from the Guru to the disciple, the need for setting out instructions in 
written form was felt Therefore several Mha sutras were written, which were known as 
the " Srauta Sutras ". The meaning of the word sulv is to measure, later on it was also 
known as Rajju (rope). The name Rekha Ganita is of later origin. 

Out of seven sul'bas known at present, Baudhyana, Apastamba, Manava, 
Maitrayana, Vdraha and Vadhula belong to Kr?na Yajurveda. These sulbas are after 
the name of Rishi who wrote them. Baudhayana, Apastamba and Katyayana sulvas 
are of importance from mathematical point of view. The date of these Sulvas-Sutra arc 
estimated to be between 800 B.C. and 500 B.C. 

It is important to mention that the writers of these Sulba's only wrote them and 
codified the rules for the estimations ofthe altars, which were in existence from ancient 
times. They did not sped fy and clarified the rales for the estimation of altars. 

The Sulvas explain a large no. of simple geometrical combinations - estimation of 
square, rectangles, parallelogram which involves no. of theorems namely: 

The diagonal of rectangle divide it into two equal parts and so on, however how 
these theorems are actually obtained, there in no definite answer. It may be concluded 
that these theorems were asserted as matter experience and measurement. The 
Vulvas are not formal mathematical treatises, they are only adjuncts to certain religious 
work. 

The above remarks do not conclude that there was no geometry before the existence 
of sulbas. Geometry was very well known before Mva's period. 

Geometrical terms are available in the three Vedas, Rg, Yajur and Atharva Veda. 

The word vrttam (RV 1,155.6) is used for circular wheel of the chariot. Also 
trivrta (RV 1,34,9,12) is used for the chariot of As' vinau which was triangular in shape. 



VIRENDRAARORA 
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ww jRfkr fa RtHq 3fm famSq qfflit: gr sn^i 
i &*. fairfH JOT' fapwqfm &jfirjpyi fafrn Rg. x. 130 . 3 . 

Word 'Pramct (measure)', ’Paridhik (circumference)’, ’prauga' (triangle) are all 
geometrical terms. 

The word catursraktih in Yajurveda (38.20) which means a rectilinear figure with 
four sides. 

'Tribhuja' occurs in Atharvaveda (VIII, 9.2), meaning a figure with three arms in 
triangular figure. The three tfrauta Kundas, namely Garhapatya, Ahavaniya and Dak?ina, 
seem to be older than Rg Veda (Oldenberg, Religion ds Veda, SBE Vol. xxx No. 2 p. 
348.) 

The Garhapatya fire is mentioned by name in Rgveda: 

vnfa&r wr*r mffn a finite i 1.15.12. 

However, the shape and dimension of these three scond fires are not available in 
any of the Vedas. Garhapatiya of square, Ahavaniya of circular and Daksina of 
semicircular in shape and of equal area can be thought of description of the Garhapatya 
as circle of one square vyama (=pursa) and Ahavaniya of a square of same size appears 
in the Satapatha Brahamana (VII. 1.1.37) which states: 

mR*1 u sw % 4lPk4tS3nt ^ I 

In Rgveda (1110.5) the farm land used to be divided into equal pieces. The man 
during this job was called Rbhus. 

The surveying of land was a usual matter with Aryans of Rgvedic period. Therefore 
it is evident they have the knowledge of geometry. 

In tfatpatha Brdhmana (1,2.5,1-2) 

^ 3FPSI rf# 0 . WfJ ^ 

I.2.5.1%% 3»^5» 12.5.2. 

It means that among the Asuras, the unit of measurement for distribution of land 
was skin of bullocks. It clearly shows that to measure and distribute the land, knowledge 
of geometry is imperative. Satpatha Brdhmana (III 5.1.26) gives the method of locating 
cdtvala which shows fire progress in mensuration at the period. 
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MATHEMATICS IN VEDIC LITERATURE 


3TO "5*^ ^ TTO ^ ’jsifaf: t3rRIt3J:' 

>tRl^<sRl TR x|irqirtt<4 'Rrai.... I 

It further confirms the state of knowledge from the detailed description given for the 
layout of the Vedi in tfataptha Brahmana (HL.5.1.1 -6) 



dfHRIWW|x*J<; ; eht: 

dVHI^HWRI^'-Sbl: 


T:l ffl.5.1.1. 

i ^rnr rststr d^s^ Ptl&d Rfirnt 131.5.1.2. 

I RSTSTSI MsfrwPl PllS*d <j!tui *8^:1 III.5.1.3. 

I UT? N^pfold M*IRpl lift'd ^ I HI.5.1.4. 

I ST79I Rsbdid M9hidRl rrc*ss-«r> Ptf^»d I III.5.1.5. 

> o 

I 1HJ5T ytfpffa d^5^' fated ^rTtfstt W TOT I III.5.1.6. 


Also at the time of Satapatha Brahamana the Pythagoras theorem was known as 
the parallelism of the sites 3,2 and 6,4 could not be achived without this. 

(1 ) Madhyama sfahku - central peg 

(2) Daldina sroni - South-West comer 

(3) Uttara sroni - North-West comer 

(4) Purvardhah - Estem central peg 

(5) Daktfina amsa - South-East comer 

(6) Uttara amsa - North-East comer 

There are innumerable examples that confirm that even in pre-sulba period geometry 
was well known. Few of them are cited below: 

1. The no. of bricks to construct different types oiDhisnyas are mentioned in 
Satpatha Brdhamans for IX, 4.36-8. 

2. The concept of construction a scrificial fire 7 j square pursa area is described 
in Satapatha Brahmans (X,2.3.5). It appears that geometrical knowledge 
was developed as per requirements of scarifical ritual, then it was converted in 
to Sutraform. 

The word Akpwya which means hypotenuse or right angle triangle or diagonal of a square, 
rectangle or trapezium is known from the time of Taitriya Samhita. Also at the same time 

arithmetical calculations and geometrical constructions to find J 2 , ^3.must have 
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been developed. 

There are no. of circumstantial evidences to show that the knowledge of geometry 
originated from the Vedas. 

Details of different types of chariots and for different purposes is clearly mentioned 
in RgVeda (see Rg. V56,6,11,39,4). By the time of Yajur Veda, due to increased no. of 
different types of chariots, separate guild of chariot makers was developed. They were 
treated different from carpenter. 

The proficiency in production of wheels confirms a good knowledge o f geometry. 
The fixing of Spokes of odd or even nos. require knowledge of dividing the area of the 
circle into desired no. of small parts of equal areas (See Rg. 1.164.13). 

The nabhi of the wheel is located at the centre of the wheel showing thereby that 
construction for obtaining the centre of a given circle was known at that time. 

Rg Vedic Aryanas were also knowing the construction of drawing concentric circles 
of desired diameters, as nabhi, felly and the central hole must be concentric. Wells were 
covered by the owners (Rg. 1,55.8). Depending upon the shape of the well, knowledge of 
geometry is required to prepare the centre of month of the well. 

Construction of houses of different types are mentioned in Vedas, Nighantu (111.4) 
giving 22 names for a house in Vedas. 

In Atharva Veda, it is clearly mentioned that a house is constructed according to 
measurements. A house is called Mdnasya Patni (Av.IX. 3.5;) also yena chdsi mitd 
tvam (Av.IX.3.9) y<zs tva sale nimimaya (Av.IX.3.11) etc. 

The builders of the house is called Mana-Pati. The houses used to have many faces 
up to 10. 

■qi H'TOT ^frfSST 

Tirai 'sfIii (Av.IX.3.21) 
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Description of sacrifice, ladies room, Kitchen etc. is clearly mentioned in Atharveda 
& Rgveda which confirms that geometry must have been developed at the Vedic time. 

Town planning is also mentioned in Rgveda. 

• • 

River-irrigation by constructing dams across them was known. The river is praised 
that it should flourish the country by filling the canals. 

r an (Rv.IU.33.12) 

Geometry seems to be necessary for the construction of even a very small dam 
across river. 

In Atharva Veda, the town of gods called Ayodhya is described (AVX.2.31). This 
city should be circular in plan with eight rampart walls and nine doors. 

3TKdMsM •raSRT rjmtalTI (Av.X.2.31) 

From the above discussion, it is evident that for production of chariots, constructions 
of houses, and their layouts in a town and also for accurate construction of different 
constituent parts for a variety of sacri fices, the Aryans of the Vedic and Brahmana period 
might have developed the geometrical knowledge. 
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BHASKARACARYA : THE GREATEST SCHOLAR OF 
VEDIC PRIME KNOWLEDGE 

S. L. SINGH AND RAMESH CHAND* 

In Ancient India, there had been 18 authorities (immortal beings or sages) of 
Vedic supreme knowledge: 

ftcTTO# W9R:I 

ipff 

*PFTt ^:l 

1. Surya, 2. Pitamaha 3. Vyasa, 4. Vasistha 5.Atri, 6. Paras'ara, 7. Kas'yapa 
8. Ndrada, 9. Garga, 10. Marici, 11. Manu, 12. Ahgira, 13. Lomas'a or Romas'a, 
14. Pulis'a or Paulasiya, 15. Cyavana, 16. Yavana, 17. Bhrgu, 18. S’aunaka. 

These various names stand perhaps for different schools of astronomy. 

In ancient India, the word astronomy was used for the computation of celestial 
luminaries. What special place the astronomical culture had at that time could be 

visualised from the following verse of Vedahga Jyotisa : 

R«JT fTTM TPJRnTT ^TFTHT Wit R«TT I 
djJs^i'Wl^luil SRtfM ftsRTTII 

(As the crests of peacocks and the jewels of serpents, astronomy stays at the head of 
all the Vedahga Sastras). 

Astronomy developed in ancient India as an adjunct to the rules of worship laid 
down in the Vedic art of living. So it came to be classified as one of the six Vedahgas 
or limbs of the Vedas and was known by the name of Jyotisa , which literally means 
the science of celestial bodies. In a secondary and later sense it stood for the study of 
planets, stars and heavenly bodies. 

Thus astronomy stands for light and, in the highest sense, for the supreme 
effulgence. 

Department of Mathematics, Gurukula Kangri Vishwavidyalaya, Hardwar-249404. 

*Govt. Sarvodaya Bal Vidyalaya, B-Block, Nand Nagari, Delhi. 



16 


BHASKARACARYA : THE GREATEST SCHOLAR OF VEDIC PRIME KNOWLEDGE 


Bhaskaracarya composed a great astronomical treatise tfiddhanta Siromani 
(SS) in 1150 A.D. at the age of 36. The SS gives a complete account of Indian 
astronomy up to 1200 A.D. This holy Siddhanta reflects the Vedic supreme 

knowledge of Acarya Bhdskara . In this Grahaganita he says : 

eft^grTT ftw; ^ 3TFT: 

g fcTSJTSW TIT ^TllW WIWT WZ 3TT^0:II 

TJflf WffcPT gWfT THRM I 

TRJFfjMldl: ^^TTTTTf^fW^S^T T 11 

This means: 

Yujna is fundamental to vedic culture, and the time of a particular Yajna is of 
vital importance. So the astronomy occupies the top place amongst the limbs of Vedas. 
If one compares the Vedas with a human body then Sabda Sastra (the science of 
grammar) is the face, astronomy stands for eyes, the Nirukta for ears, the Kalpa for 

hands, the Siksa for the nose and the Chanda tiastra for legs. Since a body without 
eyes is hollow, the astronomy remains the top most limb of the Vedapuru^a. 

LIFE HISTORY OF BHASKARACARYA 

The great astronomer, astrologer and top-notch mathematician saw the light in 
£>aka 1036 (1114 A.D.) at the village Bid (Presently known Bijapur in Karnataka). 
The village is located near mountain Sahya, famous for the central place of divine 
scholars in those days. He was bom in tfandilya Gotra (lineage). His father Mahes'vara 
was a great scholar and priest. His wisdom was hereditary as he belonged to a wise 
race and scholarly family. He himself has written in Golddhyaya of SS : 

W Tf^RT: 11 

3THftT I 

^nWwTWffcT fcwTSfai ftT3T:ll 
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1^:1 

ipftstoR fo^wreaftffrn; w^w 

^l<|im' f^l 


The following inscription (of about 1210 A.D.)dueto Cahgadeva , the grandson 
of Bhaskaracarya was first discovered by Dr. Bhau Daji at the village Patana near 
Devgiri (Sivanatha Jharakhandi, BhartTya Jyotisa ): 


Vllf^rqqVl <t>fVl*ddT *TKT: I 

*ft mI'jUI'jIh ^cnfiruTTt' f4eiNfti*rfa3wgHwi ii 

^dW^ld, ^m:ll 

d^R-M mi: mri TjyfirfrrsT: i 

#TR^rcOT^l4wdt^Pl $5ftW:ll 

<Tc*£$: ^faSTTc*tTT 

^fap4: 4U4d(4i ^ 

Ws4hPsl rSqRH^4 f ^T4f4dlf^+d*d4[ I 
I^nrgf4'IK^RfcIVIKdt 11 

^T: 3TO: I 

^TTT^T 4f *ft<T: %9nPfttll 

3ft V IW<N14ft'd<4VII^^WTT^cfr: W3 ^T:II 

mm Tf^m F2JT: Rui'dRlWl 7g7§T:l 

jr3 Rtw^ii 


The following is the genealogy of Bha skara ca rya : 

Trivikarama -» Bhaskarabhata —> Govinda -> Prabhakara -> Manoratha -> 
Mahefvara -> Bhaskaracarya -» Lakshmidhara -> Cahgadeva. 
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BHASKARACARYA : THE GREATEST SCHOLAR OF VEDIC PRIME KNOWLEDGE 


EDUCATION 


Bhaskaracarya received education at the feet ot his learned father since his 
childhood. He studied Vedas, Purdnas, Upanisadas, Ramayana, Mahabharata, 
Gita, Siddhantas and several other works of Varahamihira, Brahmagupta, Sridhara, 
Lalla, Padmanabha, Prthudakasvami, Munjdla and SrTpati and others. He offered 
the humble criticism in the works of his forescholars, whenever he found errors. For, 
example, he criticised Lalla in the following stanza of Goladhydya: 

Wr&TCF WTRFfsft 3 F^JFTTtW 3TFTFTI 

^ STT 

t tftel W^T fSRRqtf 11 

(Pt. Kedardatta Joshi (Ed.) Goladhyaya of Bhaskaracarya, Motilal Banarsidas, Delhi, 
1988). 

The Following stanza shows the deptth of his knowledge: 

3rer KffcRUllft ^ F fatW SZPP3 rfT: TTf^cfT: 

^ J lRinlPl TR ^PmtcT FT F:l 
FFHT f^PT 3F F FtFTFFfFFt 

F^^ 4)M'II^RWTf^Tr FtSFTT: F>f^FfFR:ll 

This means: It was the poet Bhdskara, who had read all the eight volumes of grammar 
and the six branches of medical science with their commentaries, who had studied the 
six logics, five branches of mathematics and the four Vedas, a trial of three ratnas, 


who could distinguish between the two Mimdnsas (branches of philosophy), only 
the great Brahma (creater of the universe) could know the depth of his knowledage. 
[Thus he had not mustered only Mathematics but was well versed in many branches 
of knowledge.] Also: 

vTTFFTtF fircf FIT FT FFRtftl 

FTX7TT: 11 

This means: The essence of the words of Bhdskara could be understood either by 
Bhdskara himself or by Sarasvati , the goddess of learning or by Brahma , the creater 
of the universe, and not by (ordinary persons like us). 

STYLE 


In the beginning of his Grahaganita he says: 

^rfrr fa win) Jiur^^rafa- 

tffa'dlFcTF: Ff^TcRF^RTF: I 

FFFc^FT 



S. L. SINGH AND RAMESHCHAND 


19 


This shows that Bhaskaracarya was influenced with the poetic style of 

Brahmagupta and Acarya Varahamihira • He followed their poetic style in his 
writings, and the climax of his poetic beauty is attained in his Lllavati 
WORKS Bhaskaracarya was inspired by the holy sermon of Gita: 

(Vinayaka Gattesa Apate, Bijaganita of Bhaskaracarya Ananda Asarama Press, 
Poona, 1930). He composed Siddhanta Siromani without any imperial support. His 
commentators also follwed him. His SS is a comprehensive work in four parts. 

1. LILAVATI (arithmetic, algebra, gemoetry, mensuration, and a bit of 
trigonometry): It contains about 280 verses including half verses. 

2. BIJAGANITA (algebra): It contains 187 verses. 

3. GOLADHYAYA (theory of sphere or trigonometry inculding spherical 
trigonometry.) It deals with the astronomical basis of mathematical calculations about 
grahas (planets). It contains 563 verses. 

4. GRAHAGANITA (planetary motion): It contains 447 verses. 

HIS OTHER WORKS 

1 .KARANA KUTUHALA : It is an astronomical work containing 138 verses. 
He composed this book in s'aka 1105 (1183 A.D.) when he completed the age of 69 
years. 

2. SARVATOBHADRA YANTRA 

3. VASITHTULYA 

BHASKARACARYA : THE GREAT ASTRONOMER 

Spottiswoode (S.R. Sinha, Mathematics Educalion(Siwan), 15 (1981), p.82) 
remarks: 

It must be admitted that the penetration shown by Bhaskara in his analysis is in 
the highest degree remarkable, that the formulae which he establishes and the methods 

of establishing them bear more than a resemblance they bear an analogy to 

the corresponding process in modem astronomy, and the majority of scientific persons 
will learn with surprise the existence of such a method in the writings of so distant a 
period and so distant a region. 

Golddhyaya and Grhaganita of Bhaskaracarya give a complete account of Indian 
astronomy nearly up to 1200 A.D. A thorough discussion of the obliquity of the ecliptic 
and its effect on the equation of time reflects a great astronomical maturity of the A ca rya. 
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For the measurement of time Bhaskara gives an account of time scale yuga 
system as described and used by ancient Indian seers and astronomers. He gives the 
following stanza for the computation of planetary positions of the planets, when the 
present Kaliyuga begins. 

tsHfsUl'HIH4: **V 9 o 

t^FSfH^Tf&RPTT: 3»T- 


This means: 


Mars 

Mercury 

Jupiter 

Venus 

Saturn 

Solar 

Apogee 

Lunar 

Apogee 

Ascending 
lunar node 

hr 

hr 

HR 

HR 

HR 

2 R 

4 R 

5R 

RaSis 

29° 

27° 

29° 

28° 

o 

00 

<N 

17° 

5° 
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Degrees 

3' 

24' 

27 

42’ 

46' 

45' 

29- 

12’ 

Minutes 

50" 

29" 

36" 

14" 

34" 

36" 

46” 

58" 

Seconds 


For the computation of ahargana cahargarfa literally means aggregate of 
civil days) since the beginning of creation up to the end of tfaka king he gives the 
following verse in his Grahaganita: 

w to# ^rrTF^f^nf^^ 

T^t^TT ftm) W«n fch&lctRI: I 

Vl^Krf^rfl: ^ ftdWSR} ^«MmA W:l 


Secondly, he gives the following verse for the computation of ahargatfa. 


WfTWTf^T:l 
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^^^ooooo 

^H^oooooooo ^‘IdlSfadHl^Hdi: 

ggwf f^Tt: I 


M^diqn ^o^i^oooo ^u||<^ 
f^fiFFT ^o^<^^oooooo yddMHdfsfd: II 
'‘T^fcT f^Wl ^IdHWIHyNH: I 

SJUft+lft+^nT ^ TJU^II 

In his siddhanta tfiromani, Bhdskardcdrya has given several techniques for 


the computation of planetary positions at any moment. He gives a wonderful verse for 
the computation of planetary position of all the planets: 


f^T: X°X^X TWTT>jfc!frFfa: sF^TT 

^ WlP-T^- 

I f^ldfi'Hrg^o^Vooll 

-KinN^T: ^^ooo TFRW^PRT^TI^: 

73TW VfST^frniPT^: \CC^C°° ^ 

■MMlRcblPl ft WTft T^: tl4>mic]JI 
ftqf: W WfT^TJtrf f^f TF^pFT: R^cTT: I 

?t 3T ?pRT: wM ‘HIMlfttf: FJRf W^F ^:ll 
For the computation of solar and lunar eclipses he has given scientific methods. 


BHASKARACARYA : THE GREATEST MATHEMATICIAN 

Bhdskardcdrya was one of the greatest mathematician who appears to have 
established first the modem theory in the convention of signs (minus x minus = plus) in 
the following verse: 

^PTfcpral : F? RPfaFf TOfrsft ^Nf frNRTH I 
(A study of of Bhdskardcdrya , Chaukhamba Orientaliya, Varanasi, 1979, p.51). 

Bhdskardcdrya , in Lllavatl, gave formulae for the surface area and volume of 
sphere and volume of frustum of a pyramid. His logistics include addition, subtraction, 
multiplication, division, squaring, cubing, square-root, cube- root of numbers. It also 
deals with the algebra of zero, the rule of three (which was later called Golden rule in the 
West) permutations, combinations and Kuttaka. The section on geometry deals with 
triangles, quadrilaterals, circle, cyclic sphere, trigonometricals functions etc. 
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BHASKARACARYA : THE GREATEST SCHOLAR OF VEDIC PRIME KNOWLEDGE 

In LTldvati Bhaskaracarya picked up the nature as the storehouse ofwisdom. 

The following stanza reflects Bhaskara s love to nature while posing a question on 
quadratic equation: 



Be cf^ll 


That is: 

O! tender girl, on the advent of rains out of the swans in a lake, ten times the 
square-root of their number went to Manasarovar, l/8th (of them) moved to Sthala 
Padmini (a forest). The remaining three pairs were engaged in water sports. Tell the 
total number of swans. 

We fully share what Datta and Singh say: It is certain, however, that after the 
12th century very little origional work was done in India, commentaries on older 
works were written and some new works brought out, but none of these had sufficient 
merit as regards exposition or subject matter, so as to refine and extend the works of 

Bhaskara II, which had held undisputed sway for almost nine centuries (as standard 
text books). 

Bhaskaracarya 's Bijaganita is akin to our present day secondary school 
algebra and a little more. The Bijaganita gives general methods for solving linear 
quadratic indeterminate equations which were given after 500 years by western 
scholars-such as Fermat (1601-1665), Lagrange (1736-1813) and Euler (1707- 

1783). Bhaskara gave the cakravala method for obtaining the general integral 
solution of the indeterminate equation Nx 2 + 12 = y 2 . This is considered a big 
achievement in Number Theory during the golden period. 

Bhaskaracarya gave the concept of mathematical infinity ( Khahara ) and the 
analysis concerning the limit of an algebraic expression is implicited in his examples in 
Lilavati and Bijaganita. In the history of mathematical sciences, this is perhaps the 
greatest contributions to the human civilization. 

Martin Ohm (1628) says: ‘If a is not zero but b is zero, then the quotient — has 

V 

no meaning for ‘the quotient multiplied by zero gives only zero and not a, as long as a 
is not zero" (Datta and Singh, History of Hindu Mathematics, p. 246). That is even 
19th century modem mathematicians were not clear in such concepts. 

Indeed, it appears that Bhaskaracarya was the first to introduce the concept 
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}f limit. H'e has used this technique in his astronomy. 

The recent investigations by S.R. Sinha. [The Mathematics Education (Siwan) 
15 (1981), 69-82] and C.N. Srinivasienger [History of Ancient Indian Mathematics, 

World Press Private Ltd., Calcutta 1967] have shown that Bhdskardcarya developed 
the concept of Differential Calculus but certainly not in the modern language. The 
above notion, 500 years before Newton and Leibniz appears in his famous treatise 
SS. Indeed, for the exact computation of daily motion of planets, Bhaskara introduced 
the concept of Tatkalikagati (instantaneous velocity) by dividing the day into a large 
number of small intervals and compared the positions of the planets at the end of 
successive intervals. 

If y and y' are the mean anomalies of the planets at the end of concecutive 
intervals, then according to Bhaskara : 

(The product of the cosine of the semidiameter by the element of the radius 
gives the difference of two sines). This result is equivalent to: 

Hsiny' - H siny = (j y'-y) Hcosy. 

In modem language, this is equivalent to 
5(siny) = cosy 8y 

In relation to the basic idea of ROLLE’S THEOREM Bhdskardcarya has gone 
deeper into Differential Calculus in SS and suggests that the differential coefficient vanishes 
at an extreme value of the function. In Grahaganita (spastadhikara) he says: 

. T rfcT: 

(where the planets motion is an extremum, there the fruit of motion is absent, i.e., the 
motion is stationary. At the commencement and end of retrograde motion, the apparent 
motion of the planets vanishes). That is, the derivative vanishes at a point of maxima 
or minima. 

BHASKARACARYA : THE GREATEST SCIENTIST 

Regarding the gravitational power of the earth Bhdskardcarya criticised the 

Buddhist philosophy (Pt. Kedardatta Joshi (Ed). Goladhyaya of Bhdskardcarya . 
Motilal Banarsidas, Delhi, 1988) and gave the appropriate theory in the following 
stanza of his Goladhyaya : 

3TT^^ cTcTMfa 'HlfcT WrlW $ Mrlfrqq till ” 
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(“Tjffift 3 TTf^T t 3TT^m # 3 ^ Wff ^ 3T^ SRRT^ 3 £ 3TTrft 

tl ^ ^ ^ ^ |^^T<ctT TTf^r ^ 3<faR T^cft t, ^Tt 3TR517T m% tffaT 

^ ^ftrR *ft f^Tft *ft ^p 3^ «RRT^ ^ 3TTrft t sfa Tn^T ?^?T 

STTOfa W*ff 3 SFT TIT 375VR StflT t” I) 

THE POET 

The SS reflects that Acarya was keenly interested in poetry. He describes 
Rtuvarnanam and Srigonnativdsanfidhyaya in Goladhyaya in the form of poetry 
which is embalished with figures of speech such as simile, metaphor, and hyperbole 
etc. In Lllavatl, he has given several examples from the nature, which show that he 
understood nature as the store house of wisdom. Indeed he was a great lover of 
nature. 

DEATH 

Bhaskardcarya (Trans.), the great mathematician, astronomer and astrologer 
left for his heavelny abode in 1193 A.D. (K.S. Patavardhan, S.A. Naimpally and 
S. L. Singh, LJlavatJ of Bhaskardcarya , Motilal Banarsidas, Delhi 2001). Even we 
Indian foregot to celebrate the 800th anniversary of the 'SIDDHANTA tflROMANI' 
which is one of the greatest astronomical works on this earth. 

We assest without any hesitation that Bhaskardcarya was a great 
mathematician, astronomer, scientist, philosopher, poet and a great scholar of Vedic 
prime knowledge and he made significant contributions to lay the foundation stone of 
modem mathematics, modem astronomy, arithmetic, algebra, trigonometry, geometry, 
calculus and the concept of limit. He will remain the source of knowledge and 
inspirations for mathematicians and the generations to follow. 
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LILAVATI OF BHASKARACARYA 
A Treatise of Mathematics of Vedic Tradition 

Translated by: 

Krishnaji Shankara Patwardhan 

Somashekhara Amrita Naimpally 

Shyam Lai Singh 

Published by: 

Motilal Banarsidass Publishers Pvt. Ltd. 

41 U.A. Bungalow Road, Jawahar Nagar, Delhi 11007 

ISBN : 81-208-1420-7 (cloth), Price Rs. 495.00 

ISBN : 81-208-1777-x(paper), Price Rs. 295.00 

Bhaskara II or Bhaskaracarya was one of the most illustrious astronomer- 
cum-mathematician of the 12th Century A.D. The Acarya has Composed^standard 
treatises on astronomy, mathematics and astrology, namely the Siddhianta Siromani- 
Lilavati-Bijaganita, Vasanabhasya, Karanakutuhala, Bhaskara Vyavahara and 
Vivahapatala. Of these, the Siddhanta Siromani-Lilavati- Bijaganita combine from 
the magnum opus of the Acarya. Because of the high merit of the contents, the 
works of the Acarya became the main source of reference for mathematicians and 
astronomers of later period. Most of the other works composed during that period 
were over shadowed and driven to obscurity by the remaricable brilliance of Bhaskara's 
analytic exposition. 

The Liiavatl is a basic treatise on Mathematics encompassing the pre-requi¬ 
sites for a wider study of astronomical science and various topics useful for 
domestic computations having applications in day to day life. This delightful 
treatise was composed by Bhaskara at the age of 36 in the year 1150 A.D. Lilavati in 
Sanskrit means 'charming' or 'beautiful'. As such the title of this charming work of 
mathematical enunciations and beautiful illustrations is quite appropriate. Faizi's 
translation of the work into Persian narrates a touching story relating to a misfortune 
that be fell on the beautiful daughter Lilavati of Bhaskaracarya on account of which • 
she had to remain unmarried for ever in her life. In order to console his unfortunate 
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daughter and keep her dejected mind fully occupied in learning mathematics, the 
intelligent father started teaching her mathematics from the basic level in an 
interesting manner and composed the quintessence of his deliberations in the form 
of beautiful verses and named it Lilavati. On completion of this task, the Acarya 
seems to have totally succeeded in bringing back joy and happiness to his daughter 
and probably because of this experience Bhaskara generalizes and happily remarks 
in the concluding stanza that anyone who masters the Lilavati will become happy 
and prosperous. This message is embodied in the verse- 

3 tstt vTftmnft 

^RPTftfrT 

"Joy and happiness is indeed ever increasing in this world who have Lilavati 
clasped to their throats, decorated as numbers are with neat reduction of fractions, 
multiplications and involutions, pure and perfect as they are the solutions and 
tasteful as in speech which is exemplified. 

The book under review is an enlargement of the Phadke’s Marathi version of 
the Lilavati, translated into English and expounded in modern mathematical 
language. The work is divided into thirty four chapters followed by the index of 
verses and a subject index. 

Bhaskara's first invocation stanza to lord Ganesa is prefixed to Chapter 1. 
After invoking the blessings of the Lord, Bhaskara proceeds to describe the units of 
value (currency denominations) that was in vogue in the country during that period, 
followed by tables of commonly used weighing and measuring units. An 
understanding of size and weights Of objects and measures of space around is a 
basic need of man and absolutely essential in the science of computation. Knowing 
fully the all pervasive nature of measures, the section on weights and other measures 
has been separately dealt with and prefixed to the actual treatise by the Acarya. The 
authors of the book under review have given in Chapter 1, their detailed comments 
on each of the measures listed down by Bhaskara. The actual mathematical treatise 
commences with Bhaskara's second invocation stanza, followed by the numeration 
terminology for dealing with numbers running upto 18 places of figures. The 
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contents of the book from Chapter 2 to Chapter 34 may be broadly classified into 
three sections. 

i) Arikaganita dealing with real numbers and various operations and 
determinations involving numbers. 

ii) Ksetraganita dealing with the geometrical figures both plain as well as 
solid along with some of the applications in domestic computations, and 

iii) Kuttaka dealing with indeterminate equations of first degree and methods 
of finding their solutions. Without any such classification, the various topics coming 
under the preview of these three are divided into thirty three chapters and discussed 
briefly in the modem language by the authors. These Chapters are entitled. Place 
Value of Digits; Addition and subtraction; Method of multiplication; Division; 
method of finding squares; Square root; Method to find the cube; Cube roots; Eight 
operations on fractions; Addition and subtraction of fractions; Multiplication of 
fractions; Division of fractions; Squares, Cubes, Square roots and Cube roots of 
fractions; Eight rules concerning zero; Reverse process; To find an unknown 
quantity; Method of transition; Square transition; Quadratic equations; The rule of 
three; Inverse proportion; The rule of five; Rule for barter; Simple interest; 
Combinations; Progression (Series); Mensuration; Volume; Wood cutting; Volume 
of a heap of grain; Shadows; Pulverization; Concatenation (Permutation, Partitions 
etc.). The authors have added their own comments after giving translation of various 
verses in simple form in lucid English, the style of which is easy to follow and any 
student interested in this field can get a clear idea in the modern terms of the content 
of the verses. However, in the case of some of the verses the authors have deliber¬ 
ately done away with literal translations and the renderings of such stanzae give 
only mathematical formulae by expressing the quintessence of the content of 
Bhaskara’s enunciations in an intelligible form using modern mathematical 
symbolic notations. The authors have succeeded in their efforts to bring out clearly 
and accurately the mathematical knowledge embedded in the words of Bh5skara 
and they have expounded the contents in modem language in an appreciable form 
which will definitely enable the modem reader to study the sutras without any strain 
and without loss of Bhaskara's efforts to make the learning of mathematics interest¬ 
ing and charming. The translators efforts to make "faithfulness" and "beautifulness" 
to go together, by narrowing down the gap between Sanskrit verses and their English 
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renderings without drifting far away from the literal beauty of the verses and at the 
same time remaining deeply faithful to the mathematical message latent in them, is 
quite appreciable. For instance, Bhaskara's analysis of indeterminate equations is 
fully explained in modern language using continued fracions. To mention another 
noteworthy message, the Acarya's rules concerning division by zero is explained 
using modern concept of limits thereby making one hear the knocking at the doors 
of calculus and infinitesimals by the Acarya as early as 12 th century AD. However 
historical remarks and notes are not many and if such comments are also included in 
the next edition of the book, it will be widely appreciable. The natural order of 
words in a verse (anvaya) may also be given prior to their English translation so that 
the readers having some knowledge of Sanskrit can enhance their enjoyment of 
learning basic mathematics by riding smoothly through the medium of poetry and 
thus appreciate fully the beautiful poetic flights of a scientific 
literature. 

The Pubalishers of the book also deserve congratulations for their nice job in 
bringing out the book in neat printing, free from errors, with overall beauty in get up 
and lay out. This modern rendering of the Lilavati with brevity in words of math¬ 
ematical wisdom maintaining throughout the clarity in conveying the mathematical 
message of Bhaskara continues to give pleasure and insight to every class of readers 
from children to the aged who are interested in both Sanskrit and Mathematics. 

So, dear reader, do read this charming work, own a copy and adorn your 
personal library which will be a valuable addition to your own personal collections 
in the sense that, some day, some child, some where who happens to read the 
delightful Lilavati of Bhaskaracarya, may get inspired and motivated by the charm 
of the words of Bhaskara II and hopefully a new Bhaskaracarya (Bhaskara III) may 
emerge in this Land of Wisdom which has bequeathed to us a bright galaxy of 
eminent astronomers and mathematicians. 
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1 

YAMATAIZATION 
B. S. Yadav 

Delhi University, Delhi 

Every language has a grammar of its own. Out of all languages, it is well known that 
Sanskrit has the most elaborate and precise grammar. Even its poetical composition is 
metrical. Sanskrit verse is regulated by quantity and not by accent. Though Agni Purana 
deals with the subject exhaustively, the Pingalachhandas-sastra by Pingalacharya has 
been in popular use. In this case, chhands are meterd by eight Ganas or syllabic feet. 
There is a sutra ( formula ): yamatarajabhansalagam which serves as a handy tool to 
memorize these eight ganas. The talk concentrates on the history and composition of this 
formula with va»ous ramifications in mathematics, particularly with its connection with 
Memory Wheels and other solved and unsolved problems. Yamataization is a name 
coined to present the subject in a more general framework. 


2 

CALENDER SYSTEM IN ANCIENT INDIA 

G. S. Pandey 

105, Sant Nagar, Ujjain. 

Ever since the dawn of Vediec civilization on this planet the counting of time has 
considered as the highest need of the society. During the Rigvedic period a solar year was 
recognized as formed of twelve months and each month of 30 days. Vedang Jyotisa 
(1400 B.C.) introduce the concept of Yuga system of five samvatsars (years) and made a 
clear distinction between a tithi (lunar) day, Savan and Solar day. Also, in order to 
account for a solar year, the system of intercalary month was introduced. 

We present a short account of the main fifteen-calendar system introduced in India from 
time to time. In particular, we trace the history of Vikrma Samvat (ignited from 57 B.C.) 
formulated on the basis of Surya Siddhanta, which is the only calendar system being 
used, with some variations, almost everywhere in India, while the Government of India 
has declared an entirely fabricated solar form of Saka Samvat as the national Calendar. 
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3 

BAHAUDDINAL-CAM11! *S ESSENCE OF MATHEMATICS- 
AS A TEXT BOOK IN MADRASAS 

S. M. R. Ansari 

Roshan Villa, Muzammil Manzil Compound, Dodhpur, Aligarh 

Al- c Amili was an Iranian mathematician of 16 th century. His Arabic treatise : 
Khulas*atul H'isab was very popular in all Iranian and Indian Madrasas. It was 
translated into Persian in Medieval India, and also translated into German and 
French in the first quarter of 20 century. The Russian translation is also now 
available. Many commentaries were written in Persian by Medieval Indian 
scholars. This is just a brief introduction. The significance of the work is also due 
to the fact, that al- c Amili was the first mathematician who stated in his book the 
so-called Fermat theorem: x" + y" = z" ? for n>2. 


4 

MAHAVIRA’S METHOD OF FALSE POSITION 
Kanahiya Jha 

Dep. of Mathematics, L.B.S.M College, Jamshedpur 

History is essential for us, so that we can assess, how much we are indebted to our 
fore fathers. The great master has given us different ideas. If we develop these 
ideas to suit our needs it will be a real salutation to them. For this we have to 
translate these ideas in modem terms, so that it can be fit for use in solving 
modem problem. We will discuss briefly some ideas and rules of Mahavir 
(9th Century) from his work ganit sara sabgrah, about rule of false position, 
method of obtaining unit fraction for any given fraction some interesting aspects 
of series etc. 
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5 

MATHEMATICS IN VEDIC TRADITION 
Virendra Arora 

Dep. of Mathematics & Statistics, GKV, Hardwar 

This talk aims at presenting a brief overview of mathematical activity in Vedic 
literature. 


6 

NEW DIRECTION IN VEDIC MATHEMATICS 
S. L. Singh 

Dep. of Mathematics & Statistics, GKV, Hardwar 

The purpose of this talk is to identify some new components of mathematics of 
Vedic tradition, which has relevance with modem taste in mathematical sciences. 


7 

SIMILIRITY OF PLANE FIGURE AND GEOMETRIC AND GROUP 
THEORETIC STUDY OF CYCLIC QUADRILATERAL OF FIRST KIND 

Vinod Mishra and S. L. Singh 

Dep. of Maths, Sant Longawal Inst, of Engg. & Tech., Longowal, Punjab. 
Dep. of Mathematics & Statistics, GKV, Hardwar 

Similarity of plane figure is a very old concept. The approach is to study the 
valuable contributions by the Arabs, Babylons/Summerians, Chinese and Greeks 
with reference to the Indians at large and importance of the concept as such. 
Finally, we study cyclic quadrilateral of first kind geometrically. Its group 
theoretic study concludes with a non-abelian group of eight permutations in which 
four permutations are equal to another four. 
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8 

SOME INDIAN SAVANTS OF MATHEMATICS 
Man Mohan and Subhash Chander 

Dep. of Mathematics & Statistics, Ramjas College, Delhi 

E-maih 'i udianshmfavahoo.com. subchanda(avahoo. co. in 


Thousands of years ago, Indian mathematicians authored various theses and 
dissertations on mathematics. It is now commonly believed and widely accepted 
that these treatises laid down the foundations of algebra, algorithm, square roots, 
cube roots, various methods of calculation, and the concept of zero. It is also 
believed, that in Vedic times mathematical fonnulae were often taught within the 
context of spiritual expression (mantra) and thus while learning spiritual lessons, 
one could also leam mathematics. Here we present a brief account of 38 Indian 
savants of Mathematics covering the period 800 BC-1980 AD. Most of the 
information is based on historical resources available on the Web and arranged in 
the chronological order of their known or guessed periods. 


9 

A BRIEF SURVEY OF ANCIENT MATHEMATICS - 
A SHORT NOTE ON COMMERCIAL MATHETMATICS 

J. Achari 

Dep. of Mathematics, Statistics and Computer Science 
NES, Science College Nanded (Maharastra) 


10 

GOLDEN PEROID OF INDIAN MATHEMATICS 
B. B. Kuikarni 

Setaji Suhhas Chandra Bose College, Nanded (Maharastra) 
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11 

THE KRIYAKRAMAKARI EXPOSITION ON 
MADHAVA SERIES APPROXIMATIONS 

Madhukar Mallayya 

Chandni, TC 25/1975, Deshabhimani Road, Trivandram (Kerala) 

The Kriyakramakari is a sixteenth century commentary in Sanskrit on the famous 
Lilavati of Bhaskaracarya. Commenting on Bhaskara’s enunciation for 
determination of gross and nearly precise circumference (suksma paridhi and 
sthula paridhi) of a circle, the commentator Sankara Varrier gives an elaborate 
and excellent exposition on this topic by incorporating several methods for 
getting better and better approximations attributed to his ancestors. Tremendous 
achievements made by Sangamagrama Madhava of fourteenth century in the 
field of infinite series and series approximations are highlighted in this section of 
the commentary. The commentator refers to various methods based on infinite 
series and gives an excellent demonstration of them by employing certain 
ingenious techniques of modem analysis. Sankara gives an interesting derivation 
of Madhava’s correction functions for approximating certain series. Moreover, 
various other infinite series are found to have been deduced from these correction 
functions. 


12 

INNOVATIONS IN KERALA ASTRONOMY 
S. Madhavan 

40/513, 3rd Puthen St, Trivandrum 

In the post Bhaskara.period, Kerala has been a centre of stormy developments in 
mathematics and astronomy. Some of the innovations are described here. First of 
all, the concept of Jya and the table of Jyas introduced by Aryabhata, 
Varahamihira and others underwent drastic changes. Madhava found the series 
for PI and changed the figure 3438' for the radius or trijya as 3437' 44" 48'". He 
also found the infinite series for R sine and R cosine. The proof given in 
Yuktibhasa abounds in novel concepts. 
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Madhava’s amendment of Chandravakyas and his interesting method of finding 
the moon's position using the properties of periodic functions are strikingly 
original. The methods of successive approximation used in various contexts also 
deserve investigation. Some results in Karapaddhathi and Puthumana Somayaji 
and Satratnamala of Sankaravarman indicate good knowledge of spherical 
trigonometry. 


13 

MEASURE THEORY - HISTORICAL PERSPECTIVE 
Pramila Srivastava 

Allahabad Mathematical Society, 10, C.S.P. Singh Marg, Allahabad-211 001 
The purpose of this talk is to present a development and discuss its evolution. 


14 

ALGEBRA OF NARAYANA 

S. L. Singh and M. M. Dwivedi 

Dep. of Mathematics and Statistics, GKV, Hardwar 
Mahamati Pran Nath Mahavidyalaya, Chitrakoot 

The first author has recently found Ganitavatansa (c.1356. A.D.) of Narayana 
Pandita from Mr. Vikas Ghosal of West Bengal. The authors have under taken the 
study of this rare text-book of algebra, which is hopefully akin to the algebra of 
Bhaskara II. The purpose of this talk is to present some glimpses from the same. 


15 

RELEVANCE OF HISTORY IN MATHEMATICS TEACHING 


J. M. C. Joshi 

Kumaun University, Nanital, 47 A Heera Nagar, Haldwani 
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16 

PLACE VALUE SYSTEM IN TRADITIONAL ALGEBRA 

Ramesh Chand 

Government Sarvodya Bal Vidyalaya, B-Block, Nand Nagri, Delhi 

In this paper an attempt is made to discuss the concept of place value system in 
algebra. 


17 

FRACTALS IN LILAVAT1 
Mamta Rani 

Dep. of Computer Sc. & Engg., SRM CEM, Faizabad Road, Lucknow 

Fractal theory, a newly developed branch of computer graphics is based on 
feedback system. However, this field has been recognized three decades back but 
its germs are found in mathematics of Vedic tradition. One of the classical fractals 
has been found in BhSskarScarya's Lilavati known as Meru, generally called 
Pascal triangle. Some recently developed fractals are also akin to figures found in 
ancient Indian compositions. 


18 

THE PENDULA IN MATHEMATICAL SCIENCES 
R. S. Kaushal 

Dep. of Physics & Astrophysics, University of Delhi 

The role played by the pendulum and its variants in the development of 
mathematical sciences in reviewed. In particular, the case of a pendulum, viz., 
harmonic oscillator in physics is highlighted in the context of mathematical, 
conceptual, conventional and engineering disciplines beside the one in 
mathematical physics. It is pointed out that in all these applications the concept of 
pendulum is used as a vehicle of knowledge and mainly on the basis of structural 
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analogy. Finally, its role in an example of the consciousness-manifesting 
phenomenon will be discussed. 


19 

SOME BASIC ASPECTS OF COMPUTER TECHNOLOGY 
IN VEDIC LITERATURE 

Vinod Kumar 

Department of Computer Science, GKV, Hardwar 

Vedas arc considered to be the first written book of the world and a treasure of 
knowledge containing all kinds of knowledge in the world in its basic form. 
Computer technology consists of hardware, software and humanware. Computer 
hardware basically depends upon the controlled flow of electricity keeping its 
level very low (-12V to 12V). Several mantras of Rigveda mentions about the 
advantage of controlled flow of electricity that provides the basis for hardware 
design of computers. Mantras, concerning the use of air and electricity for 
massage transmission, are also available in Vedic literature. Also, the Sutras of 
Vedic mathematics like “Ekadhiken Poorvcna” have tremendous power of 
algorithmic representation. 

The present paper aims at exploring the roots of electron flow, microwave 
transmission, computer networking and algorithmic representation of solution 
process in the Vedic literature. 


20 

HISTORY OF DEVELOPMENT OF BINOMIAL EXPANSIONS 
V. K. Sharma and Anita Sharma 

Dep. of Mathematics and Statistics, GKV, Hardwar 

In this paper contribution of various mathematicians like Varahmihir, 
Mahaviracharya, Bhaskaracharya, Umar Khayyam, Pascal, Newton and Gauss 
etc. in development of Binomial expansion and its validity is discussed. 
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A DEVELOPEMENT OF APPROXIMATION THEORY 
IN INDIA — A CRITICAL REVIEW 

S. P. Singh 

Dep. of Mathematics, Guru GhasiDas University, Bilaspur (Chhattisgarh) 


22 

FIXED POINTS FOR SET-VALUED MAPS 
Devanand Ram, P. P. Murty and S. N. Lai 

Dep. of Mathematics, Faculty of Science, BHU, Varanasi. 

It is well known that Banach Contraction principle has been extended and 
generalised in several different forms by various authors. In this paper we have 
established a common fixed point theorem considering the Gregu§ O-contraction 
in the setting of set-valued mappings. 


23 

ALGEBRA FOR COMPUTERS 

P. Pradhan and Girish Sharma 

Dept, of Mathematics, GKV, Hardwar 
Dep. of Computer Science, Hindu P.G. College, Sonipat (Haryana) 


This paper is presenting the truth & validity of the prime (simple) & compound 
statement using connectives and attempts are made to establish the rule of modem 
algebra by implementing in terms of Boolean Algebra. Switching circuits are also 
discussed along with some digital circuits as an application of Boolean Algebra. 
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24 

FIXED POINT THEOREMS FOR 
MEIR-KEELER TYPE HYBRID CONTRACTION 

S. L. Singh and Anita Tomar 

Dep. of Mathematics, GKV, Hardwar 

Beg and Azam initiated the study of fixed points for a pair of single-valued and 
multivalued maps satisfying Meir-Keeler type contraction condition. The intent of 
this paper is to obtain fixed point theorems for a Meir-Keeler type hybrid 
contractions, which extend and improve main results. 


25 

TRANSFORMATION OF GEOMETRICAL FIGURES 

Nidhi Handa 

Dep. of Mathematics & Statistics, KGM, GKV, Hardwar 

This paper aims at the conversion of area i.e. the conversion from rectangle into 
square and vice-versa, etc. It focuses on how the four-sided complicated 
structures have been simplified in the sulb-sutra. Here the endeavour has been 
also made to highlight the method of construction and proof of each sutra. 


26 

USEFUL WEB LINKS ON HISTORY OF 
MATHEMATICAL SCIENCES 

Man Mohan 

Dep. of Mathematics & Statistics, Ramjas College, Delhi 

E-mail: indianshm&vahoo, com 

The Internet is a wonderful place to explore the vast amount of information that it 
makes available around the world, but without borders and often confusing the 
explorer. Even well prepared surfers stumble aimlessly through cyberspace using 
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hit-or-miss methods in search of useful information with few results, little 
substance and lots of frustration. The purpose of this article is to encourage and 
facilitate the teaching and learning of history of mathematics at all levels, using 
the Web. Some of the most useful resources on the history of mathematics are 
identified, described, and hyperlinked. The resources are divided into twelve 
sections. While some websites may fall in more than one section, each website 
appears in what seemed to be the most relevant section. 


27 

EFFICIENT FAMILIES OF CHAIN ESTIMATORS FOR RATIO AND 
PRODUCT OF TWO POPULATION MEANS 

H. S. Jhajj, M. K. Sharma and Lovleen Kumar Grover 

Guru Nanak Dev University, Amritsar 

Here we proposed efficient families of chain estimators for estimating ratio and 
product of two population means using known information on one of variable of 
the given two auxiliary variables. The bias and mean squared error of proposed 
families are obtained up to first approximation. The optimum mean square errors 
are also obtained. The gain in efficiency is illustrated empirically. 


28 

REDUNDANT SYSTEM WITH N-REPAIRABLE SERVERS 

Charanjeet Singh and Madhu Jain 

Dep. of Mathematics, Guru Nanak Dev University, Amritsar 
Dep. of Mathematics, Institute of Basic Sciences Khandari, Agra 

This investigation deals with steady state availability analysis with r repairmen 
where kj-rij- out system fails, if nj-kj units fail in i th server. The Hessenberg matrix 
determinants approach in recursive manner along with Markov chain balance 
equations has been provided to determine the availability analysis. The parallel - 
series replicated technique has been adopted for illustration of steady state 
availability. 
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29 

ROLE OF DYNIM1CAL SYSTEMS AND ITS IMPLICATIONS 

R. P. Pant and K. Jha 

Dep. of Mathematics, Kumaun University, Nainital-263002 
E-mail:jhaknh@yahoo. co. in 

The basic goal of the theory of dynamical systems is to understand the eventual or 
asymptotic behaviour of an iterative process. An important notion in the study of 
the dynamical systems is the stability or persistence of the system under small 
changes or perturbations, which is the concept of structural stability and the 
concept of structural stability is extremely important in applications of the theory 
of the dynamical systems. Dynamical systems occur in all branches of science, 
from the differential equations of classical mechanics in physics to the difference 
equations of mathematical economics and biology. The last thirty-five years have 
seen an explosion of interest in the study of the non-linear dynamical systems. 
Scientists in all disciplines have come to realize the power and the beauty of the 
geometric and qualitative techniques developed in the dynamical systems. The 
aim of the present paper is to give a brief account on the history, important results 
and some applications of dynamical systems. 


30 

QUASI-CONTRACTIONS AND APPROXIMATE FIXED POINTS 
S. L. Singh and Bhagwati Prasad Chamola 

Department of Mathematics, GKV, Hardwar 

Approximate fixed points of the Banach contraction on non complete metric 
spaces exist. In this note, we discuss approximate fixed points of quasi¬ 
contractions on metric spaces. 
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PERFORMANCE EVALUATION OF COMPUTER 
COMUNICATION SYSTEMS 

Manisha Sharma, P. K. Yadav and Avanish Kumar 

Batisal Institute ofEngg. & Tech. Bhopal, C.B.R.I., Roorkee 
Bundelkhand University, Jhansi 

A Computer Communication System consists of a set of processing nodes, 
interconnected by to some extent by communication links. In a non-redundant 
system, each processing node contains exactly one processor and there is at most 
one link between any pair of processing nodes. The present paper discusses a 
general queue model to the system represent transmitter and receiver connected 
through communication channel. The mean response time, based on mean waiting 
time, mean transmitting time and mean service time is than obtained to determine 
the performance of the systems. 


32 

OPERATION RESEARCH - A HISTORICAL NOTE 

M. P. Singh, P. K. Yadav and Avanish Kumar 

G.K.V. Hardwar, C.B.R.I., Roorkee, 

Bundelkhand University, Jhansi 

The Operation Research is one of the important disciplines of the Mathematical 
Sciences, which deals a large number of problems related to Management, 
Engineering, Industry, Bio-Sciences etc. The role of these techniques is involving 
the day-to-day matters of the human beings. It suggests how to best use of the 
resources in lucid manner. The present paper focuses on the various stages of the 
development of the Operation Research and its concern ones. 
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33 

HISTORY AND DEVLOPMENT OF 
BANACH CONTRACTION PRINCIPLE 

U. C. Gairola 

Dep. of Mathematics, Pauri Campus oJ'HNB Garhwal University, Puuri 

Using the concept of convergence of a cauchy sequence in a normed linear space 
S. Banach gave an important, concept of a special space which is named as 
BANACH spaces later on. This space plays a vital role in applicable 
Mathematics. The most and the first important application of Banach concept is 
used by himself by introducing contraction principle in metric spaces. In this 
paper I shall discuss the history, development and some basic applications of 
Banach contraction principle. 


34 

PERMUTATION AND COMBINATION WITH ITS 
BRIEF HISTORY IN ANCIENT MATHEMATICS 

Naubahar Singh 

VMIC Sector-1, BHEL, Ilardwar 

In this paper an attempt is made to sketch a brief account of its history and discuss 
a few glimpses of Bhaskaracharya’s II, techniques in treating the problems 
concerning to permutation and combination. 
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STABILITY OF MANN AND ISHIKAWA ITERATIVE PROCEDURES 

FOR CONTRACTIVE MAPS 

S. L. Singh and Charu Bhatnagar 

Department of Mathematics, GKV, Hanlwar 

Let X be a Banach spaces and T a self map of X. Let x<) be a point of X and 
x n +i = Tx n denotes an iteration procedure which yields a sequence of points{x„}. 
Suppose that {x n } converges to a fixed point p of T. Let {y n } denote an arbitrary 
sequence in X and e„ = ||y n+ i - Ty n ||. If lim n s n =0 implies that lim n y n =p then 

the iteration procedure is to be T-stable. Let T:X->X , then there exists a constant 
satisfying 0 < c <1 such that, for each x,y < X, || Tx-Ty || < cM(x,y) 

Where, M(x,y) = max[|| x-y ||,|| x-Tx ||,|| y-Ty ||,1/2{|| x-Ty ||+|| y-Tx ||}] 

In this paper, we show that several interval iteration procedures are stable for 
maps T satisfying above condition. 
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SOME FIXED POINT THEOREMS ON 2-METRIC SPACES 

D. D. Sharma 

Department of Mathematics, GKV, Hardwar. 

This paper establishes some fixed point theorem for Matkowski-type contraction 
mappings defined on 2-metric spaces. 
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ANALYSIS OF STRESS- INTENSITY FACTOR FOR AN 
EPITROCHOIDALDISC UNDER TWO CONCENTRATED FORCES 

Rasid Ali, M. P. Singh and Parul Rani 

Dep. of Mathematics, Vishveswarya Institute of Engg. & Tech. Dadri, G.B.Nagar 
Dep. of Mathematics and Statistics, G KV, Hardwar 

Complex variable technique has been found to be very effective for solving plane, 
axisymmetric and boundary value problems in Solid Mechanics. Employing this 
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method, the first fundamental plane problems of an epitrochoidal disc has been 
discussed. It is assumed that the plate is thin, isotropic and homogeneous under 
two concentrated forces applied at the extremities of its major axis of the exterior 
bounded epitrochoid. Stresses are found out and the variation of stress-intensity 
factor has been studied graphically. The solution of an elastic circular plate and 
that of a plate in the form of a cardioid has been obtained as particular cases with 
same boundary conditions. 
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MAGNETIC TORQUE EFFECT ON SATELLITE MOTION 
Parsan Kaur and Rashmi Bhardwaj 

Dep. of Mathematics, School of Basic & Applied Sciences 
Guru Gobitid singh Indraprastha University, Kashmere Gate, Delhi 110 006 

Magnetic disturbance torque results from the interaction between the spacecraft’s 
residual magnetic field and the geomagnetic field. The primary sources of 
magnetic disturbance torques are (i) spacecraft magnetic moments, (ii) eddy 
currents and (iii) hysteresis. Of these, the spacecraft’s magnetic moment is usually 
the dominant source of disturbance torques. Let us consider a rigid satellite S 
moving around the Central Body C. We further suppose that the orbital plane of 
satellite coincides with the equatorial plane of the central body. We discussed that 
the non-linear rotational equations of motion of the planar oscillation of a satellite 
in an elliptic orbit under the influence of magnetic torque are non-integrable. Also 
we have observed graphically that in the Earth-Moon system, the Melnikov’s 
function has a simple zero and hence the equations of motions are non integrable. 
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AN APPROCH TO NEW TRICORNS 
S. L. Singh And Ashish Negi 

G.K. V. Hardwar, Govind Ballabh Pant Engg. College, Pauri Garhwal 

Recently using Mann iterative procedure, Kumar [3] (see also Rani [4] ) have 
introduced superior Julia sets for polynomials. In this paper following the same 
techniques we obtain new tricorns arising from quadratic polynomials. 
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EFFECT OF DAMPING ON VIBRATIONS OF AN ISOTROPIC 
NON-HOMOGENENOUS CIRCULAR PLATE OF PARABOLICALLY 

VARYING THICKNESS 

Rajendra Kumar, Virendra Arora and Manu Gupta 

Dep .of Mathematics, J. V. Jain College, Saharanpur 
Dep. of Mathematics and Statistics, GKV, Hardwar 

The research in the field of vibration is unceasingly acquiring immense 
importance in modem science as it has in every field of applied science today. 
The effect of vibration on design of machine, multistoried building, 
radio-telescope, nuclear reactor technology, earthquake resistant structure and 
various other engineering structures is of immense importance. Today we are 
going ahead in space technology where problems of plates continuously supported 
by elastic and visco-elastic media are considered. Also effect of damping is 
applied for practical use. 

This paper deals with the free vibrations of damped non-homogeneous isotropic 
elastic circular plate of parabolically varying thickness. The modulus of elasticity 
‘E’ and density ‘p‘ of the plate material are assumed to vary linearly with the 
radius vector. The transverse displacement is expressed as a power series in terms 
of the radial co-ordinates and Frobenius method is used to solve the governing 
differential equation of motion. Frequency equations have been derived for the 
two combinations of boundary condition namely clamed -simply supported and 
clamped plate. The numerical results corresponding to the first two modes of 
vibrations have been computed for different values of taper constant, non- 
homogeneity and damping parameter. 
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A STUDY OF ANCIENT ASTRONOMICAL INSTRUMENTS 
AND THEIR RELEVANCE TO MODERN TIME 

V. K. Sharma and Mustafizur Rahman 

Dep. of Mathematics and Statistics, GKV, Hardwar 

This paper gives a concise account of ancient and modem astronomical 
instrument with the development of astronomical science in India. On the other 
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hand this account has been placed in the context of historical developments of 
instrument in India. In addition to ancient instrument the brief account of 
contributions by Brahmagupta and Raja Jai Singh is also included. 
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NUMBERS IN VEDIC LITERATURE 
Savitri Verma and Shiva Mittal 

Dep. of Mathematics, Dr. S. P. M. Govt. Degree College, Allahabad 
This paper intends to survey theory of numbers in Vcdic literature. 


43 

A DEVELOPMENT OF THE SCIENCE OF 
COMBINATORICS IN ANCIENT INDIA 

Parmeshwar Jha and N. K. Sinha 

Saraswati Sudan and Vidyapuri, Supaul (Bihar) 

Dep. of Mathematics, Punier College, Purnen (Bihar) 

Importance of the topic 'combinatorics' in mathematics cannot be over 
emphasised. We have become so familiar with the subject that we seldom feel 
necessary to think how and when it was invented. Consequently very little efforts 
have been made in the past to record its gradual evolution especially in ancient 
India. The present paper is an attempt in this direction. There are grounds to show 
that its origin can be traced back to the period of Vedas. Principles and techniques 
for the solution of various types of combinatorial problems are also found to exist 
in the Sushrutn Samhita, Pingala's Chandah Sutra, Jaina Canonical works and 
other literature of ancient India.Morcevcr, Inter Indian Scholars, viz., 
Mahavirracharya, Halayudha, Bhaskaracharyn, Narayana Pandita and others have 
also explained several techniques in their works. On the whole, remarkable 
progress in the field has been made in different periods . The paper discusses all 
these achievement in detail and presents a chronological account of the growth 
and development of the science of combinatorics in ancient India. 
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MHD UNSTEADY FLOW OF A DUSTY VISCO-ELASTIC FLUID 
INDUCED BY THE MOTION OF A SEMI-INFINITE PLATE MOVING 
WITH VELOCITY DECREASING EXPONENTIALLY WITH TIME 

B. S. Rawat 

Department of Mathematics, HNB Garhwal University, Srinagar 

In this paper, we have considered the velocities of dust particle and dusty fluid are 
obtained in presence of magnetic fields for the flow induced in an incompressible 
dusty fluid by the motion of semi-infinite flat plate moving with velocity 
decreasing exponentially with time. The velocity distribution of dusty fluid, dust 
particle and distribution of magnetic field in case of dusty fluid are represented 
graphically. Effect of elastic parameter, Hartmann number on the velocity and 
magnetic profile are also discussed. 
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A COMPARISON OF BANACH AND KANNAN 
FIXED POINT THEOREMS 

S. L. Singh, Anurag Naithani, R.P. Pant 

Dep. of Mathematics & Statistics, GKV, Hardwar. 
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COMMON FIXED POINT THEOREMS FOR FAMILY OF 
CONTRACTIVE TYPE MAPPINGS 

S. L. Singh and Ashish Kumar 

Dep. of Mathematics and Statistics. GKV, Hardwar 

Common fixed point theorems have been proved for a family of mappings 
satisfying a minimal type commutative and contractive conditions. A fixed point 
theorem using E.A. property is also obtained. 
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ON COMMON FIXED POINT THEOREMS IN D-METRIC SPACES 
Virendra Arora and Mohini Pundir 

Dep. of Mathematics and Statistics, GKV, Hardwar 

In this paper, fixed point theorems for a weakly compatible mappings in D-metric 
spaces satisfying certain strict contractive conditions are proved which include the 
fixed point theorems of Dhage as the special cases under weaker conditions. 
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NEW APPROACH TO GRAPHICAL MODELING 

S. L. Singh and Manish Kumar 

Dep. of Mathematics & Statistics, GKV, Hardwar, 

Dep. of Comp. Sc. & Engg., SRM CEM, Faizahad Road, Lucknow 

Fractal Theory is a newly developed branch of Computer Graphics, based on 
feedback system. Images can be generated not having definite structures. Fractals 
are everywhere, e.g., medical science, wavelet theory, telecommunications, image 
compression and several other fields. This technique is simple to understand and 
easy to compute to solve problems, which yields realistic models. 
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DIFFERENT TYPES OF FUZZY MEASURES 
AND ITS APPLICATIONS IN DECISION THEORY 

R. C. Dimri 

Dep. of Mathematics, H.N.B. Garhwal University, Srinagar 

Fuzzy set theory has formulated different types of uncertainty, which were before 
either not recognized properly or considered under probability theory. Various 
special classes of measures can be generated by the concept of fuzzy measure. 
Fuzziness can be introduced at several points in the presently existing models of 
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decision making. This contribution investigates some class of fuzzy measures and 
relationship among them. 
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AN IDENTITY INVOLVING GOLDEN RATIO 
-A HISTORICAL PERSPECTIVE 

Jamuna Prasad Ambasht 

34 Westpine Court, Columbia, S.C. 29212 (U.S.A.) 

The purpose of this talk is to make a modern mathematician travel through the 
lanes of Channai and acquaint oneself with the days of Ramanujan's survival 
amidst all hardships. The case in point is the nested square-roots, as also the 
continued fractions. 

If one can recall the letters from an Indian Clerk to an English Professor, one 
could not afford to miss that part wherein Ramanujan claims Beta and Gamma 
functions involving integration lead to elegant identities. Hardy had no difficulty 
in understanding this. What threw him off was another assertion using the fifth 
roots of x in the numerators and the denominators of continued fractions. 

The claim we are making is that a golden ratio g satisfies g 2 = g+1 and therefore 
turns out to be u and v of Ramanujan and therefore fitsinto his identity involving 
powers of u and v. (see last equation of Ramanujan's letter to Hardy). This leads 
to beautiful new results in case of nested square-roots and also continued fractions 
as we can always express g in these forms. 
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MATHEMATICAL ENGLISH 
Asim Majumdar and Sandeep Bhakat 

Siksha-Satra, Visva Bharati. Sriniketan 

In our country where different provincial languages are spoken English plays a 
very significant role as a means of communication. The objectives of the project 
are to teach English language to the first generation learners particularly for their 
English literacy by developing a new type of method for English language 
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teaming. Some mathematical tools and new concepts can justify the methodology. 
The project also aims at developing research-based techniques for easy and 
scientific English learning. The project also undertakes to prepare a wordbook 
designed with the words widely used in learning of English language in its basic 
level. The project attempts at characterizing the words in terms of usage in 
English language. Whether the reading materials developed in this project are 
very effective and scientific can be verified with the help of mathematical 
sciences particularly by the application of Fuzzy set theory to evaluate the 
potentiality of a word of different order. 

As for example: Consider the set of all English words consisting of 3 letters with 
‘N’ in the first position. There are 26x26 numbers of such combinations out of 
which 17 are considered English words. The problem of evaluating the potential 
value of one such word with respect to its frequency of use in communicating 
English. This potential value can be derived by the application of fuzzy set theory. 
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AIR POLLUTION AND IT$ EFFECTS ON 
ATMOPSPHEREIC PROPERTIES 

Virendra Arora and Ajendra Kumar 

Dep. of Mathematics and Statistics, GKV, Hardwar. 

Air pollution has posed a serious problem for our atmospheric properties. In this 
paper air pollution and its effects on human being, vegetation, materials etc. has 
been discussed. 
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EVOLUTION AND DEVELOPMENT OF NUMBER SYSTEM 

N. A. Pande 


Dep. of Mathematics, NES College, Nanded (Maharastra) 
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APPROXIMATE FIXED POINT THEOREMS 
Abha Singh 

Bela, Via Narayanpur, MirzapurfU. P.) 
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WEAKLY TIGHT FUNCTIONS AND THEIR DECOMPOSITION 

Pramila Srivastava, Mona Khare and Bhawna Singh 

Allahabad Mathematical Society, 10, C.S.P. Singh Marg, Allahabad, India 
Department of Mathematics, University of Allahabad, Allahabad 

The present paper deals with the study of a weakly tight function and its relation 
to tight and cotight functions. We have proved that every tight function is weakly 
tight and also every cotight function is weakly tight. We have obtained that a 
Jordan decomposition type theorem for a locally bounded function which is 
weakly tight followed by the notion of total variation .In addition, it is proved that 
if p is additive and modular, then the decomposed parts p+ and p- are super 
additive and super modular. 
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DOUBLE INDUCTION 
C. S. Bisht 

Department of Mathematics, Kumaun University, Nainital 
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CONTRIBUTION OF SOME PROMINENT 
ANCIENT MATHEMATICIANS 


D. L. Despande 

Dep. of Mathematics, NES College, Nanded (Maharastra) 
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RULES IN VEDIC MATHEMATICS AND PROGRAMMING 
S. L. Singh and Nilam Aswal 

Dep. of Mathematics and Statistics, GKV, Hardwar 

Computer programming based on certain rules of Vedic mathematics are 
discussed. 
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PICARD ITERATIVE PROCEDURE IN ARYABHATIYAM 

P. Pradhan 

Dcp. of Mathematics and Statistics, GKV, Hardwar 

Iterative procedures akin to Picard iterations arc used by Aryabhata (b. 499 A.D.) 
and later mathematicians of Vedic traditions. Phis paper intends to discuss this 
procedure and related problems. 
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ARYABIIATT - HIS CONTRIBUTIONS TO MATHEMATICS 

D. S. Hooda 

Kurnkshetra University, Kunikshetra 
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APPLICATION OF LIAPUMOR FUNCTION TECHNIQUE 
IN THE STUDY OF ENTRY PROFILE OF A SPACE VEHICLE 

B. Ram 


Dep. of Mathematics, Tehri Campus oj'IINB Garhwal University, Tehri Garhwal 
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APPLICABLE MATHEMAICS: AN OVERVIEW 
V. K. Katiyar 

Dep. of Mathematics, JIT, Roorkee 

Due to increasing demand of mathematical techniques in developing analytical 
and experimental models in all branches of science and technology for industrial 
development of the country, an overview will be presented as an application of 
mathematics in Biological, Social, Economic and in industrial systems. 
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A DEVLOPMENT OF HYBRID CONTRACTIONS AND COINCIDENCES 

S. L. Singh and Amal M. Hashim 

Gurnkula Kangri Vishwavidyalaya, Hardwar 

Study of hybrid contractions on metric spaces was initiated by S. L. Singh, Chitra 
Kulshrcstha, R. Bhaskran, P. V. Subrahmanyam and Olga Hadzic during 1980- 
1984. Thereafter a number of papers have appeared in this line. The purpose of 
this talk is to present a brief historical development of hybrid contractions, and we 
also present some new coincident theorems for very general type of hybrid 
contractions have E.A. property. 
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